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GE Co. 
OPTS 62017 PCBs Controlled Wastes 
Reports 0 -$- File 

GENERAL f) ~LECTRIC 
GENERAL Et.ECfRIC COMPANY 

f'"AI R Fit:LO, CONNECTI C UT O e431 

JAMES R . DONNALL EY 

V IC £. PR£510f;Nl 

C'"QR P(..RAT[. I:NVI R 0N M£NTA t55U I:5 PRO..J CCT 

CORPO RATE l i:CMNOLOOY 5TA.,. ,. February 25, 1982 

D...x~~t.:me r. ts 0')ntrol Officer (TS-793) 
r: : ·~ -~ of Pesticides & 'Ibxic Substances 
·. d ronme1.tal Protection Agency 
,,VCJll E-4lll 
401 M Stref~t., S.W. 
W~shingtnn, DC 20460 

Re: D:>cket Ntntlber OM.'S-·6~ 

Dear Sir: 

6?01"! & 62018 

:.:;; 
~. 
0 

';."':_ .. .. -

C'J 
' .. ~ -.·' 

- ·. 

On behalf of the General Eleotric Canpany, I enclose three ( 3) 
copies of "Studies of Employees Occupationally Exposed to PC3s," a 
progress report by Dr. Richard w. Lawton, et al. of GE's Corporate 
Research & Development organization. This report covers much of 
the work GE has done so far ir. following its capacitor manufacturing 
employees exposed to PCBs prior to 1977. 

It should be emphasized that this is an interim report, not 
a finished project. we a . nonetheless making this report 
available to EPA now in the bope it will prove a helpful addition 
to the above dock.e ts. 

We intend to publish this work once we have completed our 
interpretation of the data. 'Ihe- main area of further work is in 
thP. quantificat.ion of the PCB senun levels. While we have made 
analyses by the current best '1State of the art" appt·oach, we 
bel ieve that the method overstates actual levels quite significantly. 
we are evaluating alternative ways of ~nalyzing the data before we 
finalize our report. 

frn 
enclosures 

cc: Dr. John 'l'odhunter 

Very truly yours, 
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1. INrRJOOCTICN 

Between 1975 and 1976, General Electric Conpany initiated both a 

continuing industrial hygiene sur.rey to determine the actt:al PCB levels 

2 

at a miDiler of points in arrl around its Hudson Falls and Fort Edwa·,:d 

capacitor plants, and a mPdical study of same of the enployees at those 

plant5 (initially, 194 persons) believed to be among t~e employees most 

heavily exposed to PCBs. '!he scope of both the industrial hygiene and 

medical surveillance p~rams was enlarged in 1979 to provide data required 

for 1rore elaborate analyses. 

This report responds to requests for preliminary data and documentation 

on the two programs. '!he 13 areas of scient if· c concern are described in 

individual sections, as opposed to grouping corresponding elements of 

each area under broader categories (rneU10ds, results, conclusions, etc. ) 

appropriate for a final report. Information contained herein is subject 

to change ard/or qualification. 

2. Dascriptions of Plants, :f'roducts, Processes and PCBs Used 

'!he use of polychlorinated biphenyls (originally, pentachlorobiphenyl) 

in ordinary foil-&nd-paper capaci ton;; was ini tiatE:d by Ger.eral Electric 

in 1930. PC9s soon superseded previously used dielect~ic fluids in all 

but a few specialty applications. From 1946 through 1977, all General 

Electric manufacture of PCB capacitors was carried out in eastern upstate 

New York in its Hudson Falls and Fort Edward plants. 

'Ihe major manufacturing operations use ·:3 at the Hudson Falls and Fort 

Edwaro plants are li:;ted in Table 2-1. Of these operations, only three -

prefiltering of the impregnant, impregnation and sealing of the capacitors 

merit further description at this time. 

• 
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TAHLE 2-1 

~L\NUFACTUR I NG OPERA'i IONS ASSOCIATED WITH 

CAPAC I"fOU PRODUCTION AT JJUDSON F.I\LLS AND FORT EDWARD PLANTS 

Operation ~ · 

1. Rollin~ of aluminum ingots i nto sheets 
which are subsequently employed as 
cap~citor pla~es and cans 

2. fabrication of capacitor plates, 
brackets and cans from sheet uluminum 
nnd steel 

-3. Cnpncitor component washing 
a. Uh.rasonic cleaning 
b. Vapor clcerca~ing 

4. Rolling ~f cap~ c itor plktcs with 
~p~ccr pDpcr 

S. Assembly of cnpncitor components 

6. Vacuum dryinn of cap:~.c,it.or prior to 
imp reg nation w i t h o i 1 : :i 

7. Prcfilterinn of irnpregnaht 

8 .. Imprc{!nation of the c upacitors ~dth 
any of v~rious oils (including PCB, 
DOP, mineral oil, castor oil) 

a. Vacuum flood fill 
b. Individual vacuum fill 

9. Cle~ning of the exteriors of the 
filled capacitors 

a. Detcrt:cnt water wnsh 
b. Vapor aenrcnsing 

10. Pretreatment of the exteriors of the 
fillc~ capucito&s prior to pninting 

a. Iron phosphate or fluoride wnsh 
b. Vapor dcgreasing 

Hudson 
Falls 
Plant 

X 

X 
X 

X 

X 

! ... .x 

X 

X 
X 

X 

X 

1!. P.1inting of the exteriors of the capacitors X 

12. P .'l c k n g i n ~,, s to r i n g. n n d s h 1 p p i n g o f the 
fi~ishccl proJuct x · 

Fort 
Edward 
Pl~nt 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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4 

MPrefiltering of ~,?regnant" was an o~ration performed upcm all 

diel·~ctric fluids used in t11e plant, including both ne:w aT):~ recycled PCBs. 

It e<msisted of percol at " ng the fluid through a bed of' Florida clay 

(feller's earth) for r.he rerroval of polar impud ties, 1"'-'hich would contribute 

to dielectric loss if present. An additional benefit, unrecognized at 

th€ t i.Jre, was that such treatment 11\3y have reduced tlH~ levels of 

polychlor:·.nated d ibenzofurans ( PCDFs), if present, as cor.taminant..s :i n the 

PCBs. 

"Impregnation of the capacitors" consisted of admitting warm di•:!J.ectric 

fluid tc: the vacuum~ried _apad tor under vacuum, to ~nable c.arplete 

filling of the entire structure (no air bubbles). Impregnation procedures 

varied w:i. th capsci tor size. Large capacitors (those requiring up to 

several gallons of dielectric fluid) were originally filled rnam,.ally 

through ports in their tops, an operation that resulted in spillage and 

d~rmal contact. In the mid-1960's this wa5 decreased consider3bly when 

an automated manifolded filling system, under electronic control, was 

developed. Small capacitors (wh.ich typic~lly require only a few milliliters 

of dielectric fl~id) were imPregnated ~ flooding with the dielectric 

fluid under vacuum in large OVf':ns. 

rollo'-.1ing inpt"'egnation ~ th~ racks cf warm, wet, small capaci tvrs were 

transported on dollys by "rro\-emen" to the "sealing" station wheJ:·e the 

filling ports were soldered shut. 'll1ey were then taken to a washing 

station for the removal of the fluid from their outer surfaces. 

The salvage and repait' of large capacitors that did not meet tE'st 

sr;ecifications, an operation not inclu-:3ed in Table 2-1, invnlved drilling 

for drainage of the PCB, milling off the <X)ver seal, and manually rerroving 

• 

and repairing the wet corrpvr~ents, 
000007 



As a result of '.'Olatilization, condensation, dripping and spillage, 

the capacito~ impr~ation, sealinq and salvage operations created :ocal 

environrrents where significant portions of all ex~ . .osed surfaces wet-e wet 

5 

with KB3, a~rl ~'here air levels in the :i.Imediate vic inity of '~ur..h surfa{."eS 

could become saturated wi tr,( P<:B vapor. 'Ihe:·re were consider.imle O:f:POt'"tuni ties 

:~or ooth dermal and respiratory uptake among individuals performing jobs 

relat~d to these manufactu :·ing operations, and also oppc:lrtun.i t i es for 

respiratory uptake arrong those worki.ng at other operations that h~p~nerJ 

to be located nearby in t he plant. Physical lay-m.1ts of the plants 

changed repeatedly, and rec-ords of T!'\any of the lay-outs are unavailable. 

Th\Js, it is not possible t .o identify other manufacturing operations which 

might have resulted in um·sually high exposures to PC.Bs becaLtSf: of physical 

proximity to the irrp~nation, sealing or salvage activities. 

Table 2-2 presents the ~vailable inforrration on the ~~si~ion of 

dielectdc fluids used at the Hudson. Falls - Fort Edward plants. The 

initial (1940's) production of FCB capacitors used Aroclo~ 1254, a 

c0'11nercial miy ·_ure of chlorinated biphenyl horrologs and iscme·.rs having 

the average molecular composition of a pentachlorobiphenyl. In ~~e 

1950's, Aroclor 1254 was replaced in most capacitor lines by Aroclor 1242 

(a chlorinated biphenyl mixture having the average corrposition of a 

tr i chlorobiphenyl). In l971, Aroclor 1242 was t"eplaced by Aroclor 1016, 

G. mater-ial that also had the average COi'TiX>Si tion I;{ a trichlorobip~.enyl, 

but which h".d been redistilled to remove all h~log:o containing nore 

tht.tn four ch~orines per biphenyl. 0.1 J\.me 30, 1977, all PCB usage ceased. 

C00008 
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8 TABLE 2-2. Available Data on Usage of PCB-Based DiP ~ ectric Fluids in ~ 
Hudson Falls (HF) and Ft. Edwdrd (F~} Plants and Temperatures of Exposure 
to Plant Environment. 

Py:r.anol \ of 
Year Plant Grade Production Composition (see Key) 

1946 FE 1476 95 100% 1254 
14 36 4 "!5% 1254, 25% TCB, 1% BCA 
l4b1 1 75% 1254, 25% TCB 

l9:.>o:, FE 1499 80 100% 1242 
1476 15 100% 1254 
14 36 4 75% 1254, 25% TCB, 1% BCA 
1481 1. 75% 1254 1 25% TCB 

1952 BF 1476 95 100% 1254 
1436 4 75% 1254. 25% TCB, 1% BCA 
1481 J 75% 1254, 25% TCB 

J. 9 53 HF · 1499 '\.25 100% 1242 
1476 '\.70 100% 1254 
1436 4 75% 12 54 1 etc. 
1481 1 75% 1254, etc. 

19 55 HF,FE H99 95 100% 1242 
1436 5 75% 1254, etc . 

1956-59 - Unconf .i.rrned report of switch back to 1254 
1964 HF,FE PII 99 100% 1242, 0.35~ 4206 

14 36 1 75% 1254, etc. 
1965 HF,FE PI! 99 99% 1 2-12, (\.7% 4221 

1436 , 75% 1254, etc . ... 
1971 HF,FE PI! 99 99% 10 16 

14 36 1 75\ 1254, etc. 
1975 - F<et.Jort of reintroduction of 0. 7% 4221 
1976 - Displacement of 1016 by DEHP commenced 
1977 HF, FE Pll 25% 99% l Oll', 0.7~ 4 2 .'~1 

1977 - June 30 - All PCB usage discontinued 

TemEen~ t L'res at Which Wet Units F.xposcd to Air 

Aroclor 1 254-based fluids , FE, 90-95°C 
II " It HF, 45-60°C 

A:roclor 1 ;~ 4 2 or 1016 fluid~ FE, 65-70°C 
It " It " HF, 45-·60°C 

~ey: 1254, Mon ;,& nto Aroclor 1254, pentachlorobiphenyl mixtJre. 1242, 
Monsanto Arcc lt1r 12 4 2, trich lorobipheny 1 mixture. 1016, Monsanto 
Aroclor 10 1 6 , ~ richlorobipheny1 mixture redistilled to remove pe~ta
anu higher chlorobiphenyls. TCB, trj~hlorobenzene mixture. BCA, 
betachlo ~ oanthraquinon~. 4206 , U~i 0n Carbide epoxid~ 4206, 4-viny1-
cyclohexene d~epoxide. 4221 , Un'on Carbide epoxidc 4221, 
3, 4-epoxy-6-methylcyclohex.ylmet~1y1 3 4-epoxy-C-methyl.cyclohexane 
carboxyl~te. D~HP, di(2-ethylhexyl) phthalate. 

Data courtesy of Earl Dunham, GF. Cap~~itor Products Dept. 

• 
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Table 2-2 indicates that the mixtures put into the capaciton; containe1 

a.IY:>11t 0. 5\ of epoxide stabilizers aoo scxretimes trichlorobenzene as well. 

Stabilizer 4206 was abandoned in favor of 4221 because of some cases of 

cont act dermatitis, tt.e cau!.e of which was identified by State health 

offici~ls. In addition, there WP.re opportunities for exposure to dusts, 

·oils, solvents and heavy rretals at certain zones in the plants. 

Available analytical dat.:'\ indicate that PCDFs were present 011ly at 

toxicologically in~dgnificant levels (0-2 ppn) i n specirrens of .h.roclor 

1254, 1242 and 1016 manufactured in the 19 70's. It is not presen_ly 

known wh.~t leveJ s may have been present i 1 specimens made during earlier 

periods, nor to what extent such 1?vels may have been reduced by the 

"prefil tering" operation. To resolve these questions, datable GE capacitors 

e manufac t ured over the entire 1946-1977 period are being collected and 

wi l l be analyzed for PCDFs as soon as the necessary instrumentation 

l::ecc:rnes OFerational. 

3. PCB Air Levels in Plant aoo Surrounding Areas 

In order to determine levels of PCBs in the air within and around the 

pla~t, air samples were collected by various General Electric industrial 

hygienists in 1975, 1977, 1978 and 1980; by N.IOSH in 1977; and by the 

State of New York between 1976 and 1980. The initial Company samplings 

used toluene and hexane as collection media; all subsequent samplings 

used florisil. The NICSH investigators collected both personal and area 

air samples; all of the o~r investigators collected area samples only. 

l n rrost cases, the PCBs recoven.~ fran the collection media were injected 

directly into a gas chromatograph, and FCB levels de~ermined by comparing 

gas ch r.anatographic peak heights with those of an Aroclor 1242 standard. 

000010 



Hcwever, in the Cornp.;\ny' s 1980 study t:w:") alternatives were ctlso examined: 

use of an Aroclor 1016 standard and perchlorination of the rerroved PCB 

mixture, followed by gas chra~tographic quantitation as the singl e 

srecies de(;achlorobiphenyl. Mast of the observil tions reported bJ these 

" arious surveys of K:B air levels are listed in Tables 3-1 throug~ J-12, 

~r indicated by the individual data points on Figure 3-1 (bela~). 

8 

As is characteristic of environmental sampling data, considerable 

variations in point-to-point PCB levels were obc.er;ed within the plant, 

and also considerable variations between successive ·measurements made at 

the same point at different times, the l atter being particularly marked 

for the PCB measurements made in the sur ·ounding community. (Tables 3-9, 

3-10, 3-11, 3-12 and Fig. 3- 1). Such data is f requently found to be log

normally distributed, however; • .md 'j 1: s was observed to be the case for 

the PCB sarrpling data as well. Fi gure 3-2 shows the total data fran 

Tables 3-1, 3-2, 3-3, 3-8 and 3- 9 (upper half) plotted as log (PCBs) 

versus percentile ranking on probability paper, derronstrating t he lineur 

relati onships expected for log-normally distr ~ )uted d3 ~a. Simi lur 

relationships were also observed for the other data sets as well (plots 

not shown . ) As a result, it was possible to summarize the information 

contained in these data sets in terms of geanetric rreans (equivalent to 

medians) and log ( starx.._.:-d deviation). Such surrm~H)' data, along with tr.e 

sarewhat less i nformative data on arithmetic means and coefficients of 

variation, are given for the various GE in-plant sampling stud i es in 

Table 3-13, and for the NIOSH in- plant sampling in Table 3-14. 'Itle 

overall tt~nds in geometric mean PCB levels within the n ~ plants, and at 

the State monitoring station (on the top of the \-Jashj.ngton County Office 

0000 1 
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' 
STATIONS 

Manifold Fill 
(Oper Position) 

~l<tnifold Fill 
(S,oider Closure) 

Manifold Fill 
(Test 6 Leak Repair) 

Treat Tank 1\Jb 
{Unloarling) 

Treat Tank Tub 
(Closure) 

Repair Area 
(mll Oper) 

Repair Area 
(i•a a Opei~ Ora in) 

Repair Area 
(Controlled E~vir. Rooa) 

' e 
TAO I.E 3-1 

CONCEr-rTtl ATION OF POI.YCIILORlNATEO BIPIIENYL FOUND AT 
GENE!U\L ELECTRiC-CPO-IIUOSON FALLS - 10/23 -24/75 

• 
AREA 1\ I R SN-IP LES Collection Media: Nana Grade Toluene 

CONCEm'RATIOH 
pg/ml 

480 

1040 

260 

911 

295 

~09 

1060 

680 

STATIGNS 
~--

Re , r Area 
(~~ 1d or Solder Closure) 

Heat Sink 
(Normal Oper) 

Heat Sink 
(Leakrr) 

Building 9-2 
(Salvage ')rain) 

Building 9-2 
(Salvage Dis & Reassemble) 

Building 10 
(lnst Lab - 2nd Floor) 

6uilding 10 
(Office Area) 

CONCENTRATION 
\.lg/111, 

1160 

660 

83; 

390 

~30 

644 

260 f 

Sample Duration: 90 - 4(;0 ain. 
Sornpl1! \'olUIIie: 29 - 110 liters 

\0 . 



0 
0 
0 
.::'.:) 

(Jo.! 

( 

STATIONS 

Carousel 12 
(Oper Pes.) 

Carousel 12 
(Tilt) 

Carousel 12 
(Bldg. 2j Conv.) 

Carousel 12 
(El. Cage at Re~r) 

Carousel 0.0 
(Solder St 0 '. ion) 

Carousel 12 
(Solder ~tation Left) 

Carousel 12 
(11asher En t.) 

CEB Cri~p Station 
(Right) 

e 

TABLE 3-2 

CONCE~.ATION ~F POLYCIIl.ORINATED BIPHENYL FOUND AT 
GENEnAL ELECTRIC-CPO-FT 0 EOI\'ARO - 10/23- 25/75 

AREA f, I 1-: SMIPLES Collecti~n Media ; Nan~ Grade Toluene 

CONCENTRATION 
--~Jtlm_3 __ 

548 

586. 

360 

450 

675 

523 

611 

1560 

-· 

STATIONS 

CEB Crimp Station 
(Left) 

CEO 
[ Wasl.er Ent.) 

CEB 
(Accumulation) 

Mid Room Treat 

Refjnery Rooru 

Cit reuse l I J 
(Oper. Pos.) 

Carousel II 
(Tilt) 

Sar.1ple Dunnion: 
Sar:1ple Volume: 

CONCENTRATION 
IJg/m J 

6(' - 385 min. 
21 - 97 liters 

954 

795 

1590 

408 

500 

1920 

2000 

.~ 

........ 
0 



0 
0 
0 
0 

A 

e 

FT. EDWARD 

STATIO:'{ 

Carousel 12 
(Ope r . Po5) 

Carousel 12 
(Soltier Seal 

Carousel 12 
(Washer Ent) 

Carousel 12 
(Collection Area) 

Carousel 12 
(Auto Tr~it) 

Refinery Roo11 

Carousf: 1 ll 
(Oper PoS) 

CJt:;ousel I 
{1 H t) 

e 
TARLE 3-3 

. CONCENTRATION OF POLYOILORINATED BIPHENYL FOUND AT 
GENERAL. ELECTRIC-CPO-IiUDSO!-! FALLS/FT. EDWARD - 4/2i/77 

• 
AREA SN·IPLES Collection Media: Nana Grade liexone 

CONCENTRATION 
l.lg/1'1] 

310 

263 

330 

496 

17& 

172 

417 

365 

IIUDSON FALLS 

STATION 

HanifCild Fill 
(Leak & Repair) 

~lanifold Fi 11 
(Oper Pos) 

Mc..nifold Fill. 
(Solder Closure) 

Repair Area 
(Hi 11 Ope·l.") 

Repair Area 
(Drain) 

Repair Area 
(Weld and Solder ClosuTe) 

Heat Sink 
( Leakei') 

Building 9 - 2 
(Salvage and Reassemble) 

Sample Duration.: 74 - 416 min 

CONCENTRAT. I N 
vg/m_~ __ 

576 

273 

582 

25~ 

369 

230 

227 

260 

Srunple Volume: 37 - 244 liters 

1--' 
1-J 



0 
0 
0 
0 -
U1 ·e 

\ 
Tl\oLE 3 - 4 

NIOSJI S ITE AUDIT 

CONCENTRATiONS OF ?OLYCI1If"lllN/\TED BIPHENYLS FOUND AT TilE 
GENERAL ELECTRIC FAC ILITY IN IIUO~ FALLS, NEW YORK, ON APRIL 27-28, 1977 

PERSONAL Alll SAMPLES 

Total 
S'lmpling 

Time 
Job Title Date (min.) 

Treat Operator 4/27 4 27 
" " 4/28 30·1 

Treat Helper 4/27 426 
" II 4/28 I 4·'1 

Recovery & Repair 4/27 4n I " " 4/28 418 
I 

Repair & Seai 4/2 7 I 119* 

" " 4/28 25·l • 

~IF Opera tor 4/27 431 
II II 4/28 176* 

Repair 4/27 422 

Salvage Jperator 4/28 42 ·_, 

-

*Based on known sample volume and approximate flo1~ rate 

Source: NIOSH Audit 
M. Jones 

-

I 

I 

Collecting Media: Florisil 

Total 
Volume Concentration 

(liters ) ug/rn 3 

82.3 55 
56.2 81 

67 .0 75 
~5.1 84 

84. 5 281 
80 .9 316 

23.8 201 
50 . 9 136 

65.3 115 
35.2 171 

89.0 so 

11.0 155 
------ --- - --

.~ 

I 

1-' 
t>.J· 



0 
0 
0 
0 -
0'-

• 
NIOSII SITE AUDIT 

location 

Winding 
II 

fest 6 Paint 
II II 

Assen~bly 
! t 

Shipping 

-
st..-,!"age 

SOURCE: NIOSH AudH. 
H. Jones 

Date 

4/27 
4/28 

4/27 
4/28 

4/27 
4/28 

4/27 

4/28 

-

e 
TABLE 3-5 

IIUDSON f-ALLS - 4/27-28/77 

AREA A I R SA.'IPLES 

Total 
S;ur.pl inc 

Ti1:1c 
(min.) 

195• 
420 

423 
417 

426 
425 

. 
426 

427 

Total 
Volume 

(liters) 

38.9 
62.9 

75.1 
84.1 

84.1 
86.2 

82.7 

85.2 

e 

Collecting Media: Florisil 

Concentration 
lJg/11, 

43 
3 

52 
30 

33 
24 

16 

14 
I 

...... 
w 



0 
0 
0 
0 

~ 

I 
I 

I 

• 

TABLE 3-6 

COL ~W.RATIONS OF POLYCIILORINATED BIPIIENYS FOU~O AT TilE 
GENERAL ELECTRIC FACILTY IN FT. EDWARD, NE\'1 YORK ON APRIL 27-2~, 1977 

PERSONAL AIR SAMPLES 

( 

NIOSH SITE AUDIT Collecting Media: Florisil 

Job Title 

Treat Operator 
" " 

Maintenance 

Tester 
" 
" 

Packer 
II 

" 

Rework 6 Final Assem. 
" " " 

Rework Padter 

Aework Tester 

Rework 6 Tester Solder 

Move•an 
(Testing 6 Soldering) 
II II 

" II 

~~veman (Sealing) 
" 

SOURCE: NIOSH Audit 
M. Jones 

-

Date 

4/27 
4/28 

4/27 

4/28 
4/27 
4/27 

4/28 
4/27 
4/27 

4/27 
4/27 

4/28 

4/28 

4/28 

4/28 

4/27 
4/28 

4/28 
4/27 I 

Total 
Sampling Total 

Time Volume Concentration 
(min.) (1 i ters) IJJ/11 J 

414 . 100.4 116 
431 28.1 203 

404 82.7 150 

4"0 63.8 264 
427 83.6 226 
423 83.5 161 

434 57.1 256 
428 81.9 166 
425 69.3 175 

411 94.3 130 
413 79.5 174 

• 
435 60.9 132 

433 53.1 140 

271 38.7 241 

439 56.6 303 

415 84.7 17l_j 452 24.5 183 

432 24.3 396 
257 51.5 

. . 
389 

e - ~ 



0 
0 
c 
0 

CD 

e 

NiOSH SITE AUDIT 

---

Location 

Final Asse•bly 
" " 
" " 

Soldering 
" 

Winding 
" 

Shipping 
" 

Can Mfg. 
" " 

Cover Mfg. 
" " 
---------~- ~ 

SOURCE: NIOSH Audit 
M. Jones 

Date 

4/18 
4/28 
4/27 

4/28 
4/27 

4/28 
4/27 

4/28 
4/28 

4/28 .. 
4/27 

4/28 
4/27 

ettt.e J-7 

FT. EDWARD - 4/27-28/77 

AREA A 1 R SA:·IrLES 

Total 
Sampling Total 

Time Volwae 
(min.) (liters) 

423 83.9 
1!10* 82.0 
404 82.2 

398 58.2 
384 53.9 

441 63.8 
387 75.1 

418 61.6 
410 81.1 

437 78.7 
399 82.3 

442 72.6 
392 75 > 1 

• 
. 

Collecting Media: Plorisil 

Concentration 
lAJI•' 

111 
134 
119 

392 • 
5~4 ~-

54 
53 

101 
9 

36 
67 

62 
25 

I 

I 

• 
..... 
l11 
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TABLE 3-8 

RESIDUAL AIRBORNE CONCENTRATIONS OF 
PO""'YCiTIJYIHN~."TEO B l PilE NY LS FOUNU AT TIH:. 

GENERAL ELECTRIC FACILITY- HUDSON FALLS, N.Y. 

Collection Media: Florisil Date: 3-7/78 ~ctive ~CB use: Mid 1977 

AIRBORNE PCB 
Sample Loc<1tion 

Bldg. 8-2 Office 

Bldg. 8-2 Storage 

Bldg. 8-2 Cafeteria 

Bldg. 9-2 Storage 

Bldg. 9-2 Salvage 

Bldg . . 9-2 Salvage • 

Bldg. 10-4 LAb - Test Area 

Bldg. 104 Pilot Lab 

Bldg. 10-1 Maint. Office 

Bldg. 1-1 Teardo""l'l 

Bldg. 1-1 Treat Area 

Bldg. 1-1 EMF Fill (South) 
(North) 

Bldg. 1-2 Shipping 

Bldg. 1-2 Tank Farm 

Bldg. 2 Refinery Area 

~g/u: t' 

14 

94.9 -c 

76.6 

19.1 <t 

30.9 I' 

389.3 J 

G42.5 ~ 

llO * 
s 7. 3 ·1 

106.0 ~ 

65.4 .I 

206.7 .j, 

158.1 ,.. 
170 . 0 .~ 

41.6 , 
222.4 "'· 

4.7 

39.8 .. 

56.5 ~ 

STRUCTURAL Pr.e LEVELS 
Structure TlE.!_ ppm 

Floor 1,400 

Floor 480 
Wall 53 

Floor. 1,200 

Trench Area-West 3,500 
Trench Are:1-East 1,300 
Floor 38 

Floor 14,000 

• Taken after washing and painting the walls of the Salvage Area 

Sarople Loca t iof!. 

Bldg. 1-1 Tear Down 

Data Supp~ic~ by: D. Deeds 

Dilution Rates Necessary 
to Meet Proposed Std. 

Cor.centr3tion 

206.7 ~g/m 1 

642 lJi/•1 

cfm 

320,000 

400,000 

16 

• 
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TABLE 3 .... 9 

RESIDUAL AIRBORNE CONCENTRATIONS OF 
POLYCHLORINATED BIPHENYLS FOU~D AT THE 

GENERAL ELECTRIC FACILITY - FT. EOI~ARD, N.Y. 

Colle(tion Media: Florisil Date: 3-7/78 Active 

Sample Location ~ 
Film Lab - 3rd Floor 48.9 

40.7 
Film Storage 27.2 
Tank Farm 69.7 

31.4 
Maintenance Office 29.5 
Bldg. 27 Solder Seal 29.6 

25.2 
' Bldg. 27 Carosel 12 43.3 

Bldg. 23 Carosel 11 33.9 
Bldg. 23 Treat 64.7 

' ' Bldg. 23 QC Lab 135.4 
Bldg. 23 Accumulation 6 Seal 58.2 

' ' 

Outdoor Ambient 
o I Airborne PCB at Hudson Falls/Ft. Edward 

PCB Use: Mid 1977 

Collection Media: Florisil Date: 8/78 Active PCB Use: Mid 1977 

' I 

Sample Location 

Bldg. 1 Rc·of, Riverside 
Bldg. 1 Roof 
Near Bldg. 6 ouaide 
Near Old Tanker Dock 
Parking Lot iJCross from Bldg. 10 
D. , Deeds' Yard · 
D. Deeds' Yard 
Near Guard House 
F.E. Roof lntnke Tteat 

·F.E. Roof Intake 
F.E. Gro\.md Level Behin•l Plant 
Bldg. 9-2 Salvage 

. Bldg. ·9-2 Salvage 

e Data Suppqed By: D. Deeds 

2.0 
4.4 

32 
4.2 
1.5 

4$7 
1.0 

.94 
1.3 

.15 
31 
1.1 X 102 

1.1 X 10 2 

17 
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TABLE 3-10 

PCB t:ONCENTRATIONS IN AMBIENT AIR AT WASHINGTON COUNTY OFFICES 
8Y DAY OF \ffEIC 

tooo • 

• H ... ,.,.,.J..,.• r~TT 
,,00 

.. ~ ltTT·Ho.. 1977 

r ,_...,. [,,,.. -* .. _ 

1200 -

1 I I 
100 

F 
400 l I J I I 

" 
j ..... ,.. ... .... .. '\' ...... rrr •••• $.-. 

:~..;~-=:·~ .. ~.:'p'~c 

1600 ng c 1 \J& 

Table 3-ll:Ambient air PCB levels (ng/m 3 of Aroclor 1016) at dump and 
dredge spoil areas. 

Average: 

Caputo* 

3000 
S900t 
4100t . 
lOOOt 
2200 1 

3240 

Fort Miller• 

4400 
1160 
930 

2160 

New Moreau•• 

160 
so 

110 

107 

Source: · Romano(
2 
.); PCB analysis by N.Y. Department of Health. 

t These are 2.5 hr. air samples from one day. All others are 8 hr. samples. 
• Dump area. 
••oredg~ spoil 3rea. 

18 

000021 
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0 
0 
0 
0 
N 
N 

-
fi£LO NO. 

118M-f-1 

118M-f-Z 

1180f-f·l 

1180f-f-4 

ll&Or-f-5 

1180f-f-6 

1180f' -f-7 

1180F-f-8 

\180f-f-9 

1180F-F-10 

nao;r -r ·11 

lt&Or-f-IZ 

1180r-F-1J 

lllor-F-14 

HBOf-F-15 

li&OF-F-IG 

1180f-f-H 

liW-f-18 

1180f-f-19 

1180f-f-ZU 

1180F'-F-ll 

:-A 

LOCATI tltf 

Tint hMII, [ast sld~ 

i1nk fe~. w~st sld~ 

Tint ,.,.. So11th 

North rnd unit fl!"'ll 

~rosrl 11-[e ~ t std~ 

Carosrl 11-South s f d~ 

Caroul ll-W~st sfft 

Treat ar~• {•fddlr) t1nk 9Ain 

QC lab , Wfst ~nd 

oc Lib , [I t ~ !nd 

S!al Slltlon North 

Tr••t Statton Nor t h 

Sta1 Statton South 

Tr!l t Statton South 

ClrOS!l 12 ll!lt 

CaroS!1 n hst 

'r!l!tt I Ass~ly •lddl!, W!st wall 

Acc~l•tton, S~Jth 

Pret!st I -~~~ly North, W!st wall 

Pr!test I As;eMbly South, W~st w1tl 

Clrosrl ll North 

e 
Tlll'l£ 3-11 

PCIIs S•""LiNt: - tnpy rfl!llli!O, ~ J • 

OCR 1\[f[(T£1\ &9/IIIJ J 

86.85 

IJ.46 

10.25 

27.35 

3.55 

8.92 

8.11 

95.91 

121.08 

247.14 

to .u 

74 .90 

23.J3 

38.81 

9.07 

70 .00 

47.76 1: 

H0 . 71 

34.49 I' 

34 . ~ 6 t. 

l9.35 

PCB (1016),.:1(a/,..J ( f ,·o,.. ~ • blc•) 

71 

11 

12 

19 

15 

6.5 

!1.3 

80 

52 

!30 

42 

ao 
18 

41 

~G 

47 

39 .,.. 

94 

Z3 ~ . 

18 ..... 

1~ 

e 

..... 
\D 



3-12 PCI\s &mpling - ll'..rlron Falls 1980 
rtno HO. lOCATIO!! Ptn Otll~;~i~Q{~/~J) Ptn>rmnn iAilt"'Jl OII![CT• P[I!(Hlfll! Pr.R (1'l16} 1 .({n/.,.J {front • bee~ 
llBOH-F -1 EMt Ft 11, South 55.U I!YI 54 

ll80Jt-F -2 ~F Fill, R~oa1r Room F-J. 9e 64.64 ! 611. I 59 - . 
II80H-F-J E,.F' F'111, North 90.64 93.75 197.5 7Q 

118011-F' -4 Treet Tan•~. North Center il22) •9 . 0!1 43.71) 78.3 J4 

11800-F' -5 Treet Tan•s, North Center (Bttwtrn Ill & 12) 24 .14 23.53 IJ I.8 2l 

11eOH-F -6 Tre•t Tents, [e~t {116) 10).88 11~.41 ))8.6 86 

1180H-F'-7 Tent Fe~. South (Sttwttn 122 123) ! ) . )) 15.66 30.1 13 

11800-F' -8 Treet Ten~s. South 126 . 57 • Bhnl: Blenk .. 110 ic 

1180H-F'-9 Shloolnq, Sout~st 5.82 ~ 8.ll 15.8 • 6.19 .,. 

1180H-F' -10 Shfoolno. North 5.08 5. 71 11.4 J. fi.9 ~ 

1180H-F -II Center, £1st of Tent 115 9.71 iJ.(IA 23.1 8,6 

1180M-F'-12 Center, Wes~ of Tent 111 15. «:' 16.91 32.4 18 

11100-F-13 Tent Fe~. North {Betwren 120 & 21) 39.06 .i3.19 95.6 31 

118014-F-14 Refinery, South 20.53 24.13 45.6 23 

1180tf-F -15 Refinery, Nor~h 26.83 24.23 44.9 14 

1180H-F'-16 Cefeterh, rut 24 .27 .,[ 22.76 48.3 » 22 

llBOM-F'-17 Clhttrl•, Eut 28. Jl • 28.68 56.6 ;_ 2l ~ 

118Cfi-f-18 llepefr & llecoyrry, Wr~t 87.89 74.54 188.6 5.1 

1180M-F'-19 llepelr & RecoYtry, Ctnttr South 68.90 66.35 157.7 68 

1180H-F-20 Repair & RtcoYtry, Center North 59.82 . 69.46 146.0 !. <' 

1180H-F'-21 Rro•lr & lltcOYtry, Ee~t 58.26 61.75 H2.5 20 

II SOH-F-22 Bldg. 10 - C1tln ~~~ 0.69 N- <l.U :.r ].15 " 
1180t'-f -23 Bldg. 1D - ~~~ 4 16.25 P:A 3e.• 1~ 

1180H-F' 24 lldq. 10 - D!Ytlop Trrat lab 2'l. 711 N• 51. §8 24 

1181lff-J'-25 Bldo. 10- Pilot Test 16.36 NA 71).54 19 

1180H-F'-26 BldQ. 10- Bes~ent "•lntrnanc~ Offfc~ (3.62 
H-

63.67 26 

llfJOM-F-27 81~. 3 - F'or~n's offfce 17 . 91 ,. NA 26.09 f 4.3 1' 

0 
0 
0 t·.J 

0 
0 e· -~ f'\.) ·e VJ 
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TABLE 3-13 GE AlP. SAMPLING STUDIES {AREA SAMPLES) 

-e Arithmetic 
Samplin& OM Mean± SO 

N Time \mi·n) loa X loa SD l'&fml #'&fml CV% :t\ 
10/23-24/1975 
<Toluene) 

Hudson Falls 14 90·400 2.808 0.203 642 704 ± 284 7.:;;4 0.508 
Fort Edward 15 60-385 2.881 0.2S i. 761 1>99 ± Si 1 8.72 0.20 < p < 0.3S 
Total 29 2.846 O.::.!:.tS 701 805 ± 459 8.02 

4/27-2811977 
(Hexane) 

Hudson Falls 8 2.508 0.170 312 346 :t 151 6.80 0.388 
Fort Edward 8 2.474 0.165 298 316 ± 112 6.66 0.35 < p < r;, tO 
Total 16 74-416 2.491 0.163 310 331 ± 129 6 .. 54 

3-711978 
(Florisil) 

Hudson Falls 16 1.991 0.412 98 151 ± 162 20.72 2.35 
Fon Edward 13 1.638 0.208 43 49 ± 30 1 ~ . '? 1 p < 0.025 
Total 29 1.832 0.376 68 105 ± 131 20.54 

12/1980 
(Fiorisil} . (- Hudson Falls 20 1.363 0.372 23 31 ± 24 27.2~ 

16 1.610 0.297 41 50± 31 18.47 
20 1.537 0.316 34 44 ± 29 20.58 

(Perchlorn) 20 1.909 0.322 81 lOS ± 79 16.85 
Fon Edward 18 1.494 0.439 31 51 ± 56 29.34 
(Perchlorn) 18 1.478 0.525 30 56± 63 35 .53 

000v .<.6 
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TABLE 3-14 NIOSH SITE AUDIT 4/27-28/1977 
CFLORISIL) 

Arithmetic 
Sampling GM Mean± SO 

N Time (min) log X log SD ~~/ml 1-l&iml CV% It 
Perscnal Samples ----
Hudson Falls 19 176-427 2.085 0.21l2 1n 143 ± 87 12.58 2.704 
Fort Edward 12 271-452 2.294 0.154 197 209 ± 82 6.74 O.OC1J < p < O.oi 
Total ;\ 1 2.213 0.224 163 184 ± 88 10.D --------
Area Samples (Non-Trcatmer.t Areas) 

Hudson Falls 8 195-427 1.319 0.392 21 27 ± 16 29 .73 
Ford Edward 11 387 -442 1.749 0.347 56 70 ± 41 19.84 
Total 19 1.568 0.417 37 52± 39 16.62 

• 

000021 
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' Building 1 next door to the Fort Edward plant) are sha. ' .1 in Figures 3-3 

and 3.1. 

The various data compilations permit evaluation of the effects of · 

scmel but not all, of the rrethodologi".al variations in the sanpling procedures. 

First, as regards sample collection Jredia1 d;e very limited data 

(that on 1977 area air levels near soldering operations in Tables 3-3 and 

3-7) indicate, but certainly do not prove, that the data obtained using 

hexr.~ ."'le are comparable · tlMt obtained using florisil. Second, as regards 

analytical rrethodology 1 the data obtained us i ng the perchlorinat h .. 

procedure on the 1980 Fort E/:3Ward samples 'lo.len"' comparable to those using 

the conventional procedure, whereas that obtained on the Hudson Falls 

s .. 1n l es were clearly deviant. The perchlodnation p':"'<...-e': ·Jre ha.s ~n 

used far less than the direct gas chromatographic rrethoo of analysis, and 

its resul t5 m1 o:;t sti 11 be conside:r.e ~ _,roblematical. Finally, carparison 

of the April l977 GE ;· a ta on PCb air leveJs in the treat, seal and salvage 

areas (geometric rrean, 310 ugjl'n3) with the April 1977 NIOSH data obtained 

f.~an p=>rsonal a: r sanplers att.ad •:'1. to per:- - ··. "'1 working in those areas 

(geometric n-ean , 165 ug;m3) sugge~ t.~ that the actual levels of respiratory 

exp:>Sure mit;ht . be only half those indicated by the area air levels, 

presumably r eflecting the ter.1er • .::y of t..l":e worke~ to move in and out ot: 

t:J.11e zones oi highes t PCB level$. 

The area air sampling data indiCCited FCB levels i n the pCB handling ate:as 

to have been in the range 26o-2000 ug;m3 (geanetr:i.c mean, 701 ugjrn3) in 

19751 and to have dropped steadily with time over the 1975-1980 pericd. 

The 1975 and 1977 sanplings, which were conf i ned to those areds of the 

000028 



~ 

6 

7 

6 

~ 

4 

" "' .1 

~ 
,...,~ 
~ -t 
~~ ~ 2 
~ 

:'J 
I(J 
~ '( j 
~ 

·.J 

' ' ~ 
--~ 

.,. v 
' \ ·, 

., 

. ! 

. ' 
• i 

~----~----+---~ 

. ' 
I I ; ! ' • --+ ... ..: 

i : : 
I . . 

--i- -· -

~ -
I 

~---~~~---: --
1 : . . I . 

l I 

! 
I 

~ : 
i 
! 

. I 

I 

. I 

.. ' -· .... . 

n 

I I ~ . - ;_· .. · -If----'-~--,--.---+--
1 •• • 

I 

i 
i 

I. I • I .... : 
I · - I 

' 1 

. L ___ . _L __ .J. ___ ; _ 
I : 
I 1 

I 

17Fo 
000029 



27 

plant directly involved in PCB handling, showed no significant differences 

retween the levels at Hudson Falls and those at Fort F.dwai:'d. The 1978 

and 1980 sa.nplings r wnich covered a wider range of ar:e=-s in both plants, 

showed significant differe .c.:es between the plants both in mean levels and 

range of levels. Evidently, in the older plant (Hudson Falls) there were 

nore hidden deposits of p--..s that e:luded the attentions of the 1977-78 

c lean-up efforts. 

The area air sarrpling data for. areas ot d i rectly involved in p(,'B 

handling operations showed geanetric mean levels about 8·-fold lower than 

those for the PCB handling areas in 1977 ( 37 vs. 310 ug/m3 for both plan's 

combined), and suggestions of a continuing differential in 1978 and 1980 

(Tabl~s 3-8, 3-9, 3-11, 3-12). In 1980, three years after the discontinuance 

o1: PCB use, there was still no area inside e).ther plant showing PCB levels 

significantJ.y under 5 ug/m3, and the geometric mean for all sanpli~ 

stations combined was still 31 uo/m3. 

The area air sampling data f or stations outside the plant buildings 

(Tables 3-9, 3-10, 3-11; Fig. 3-1) we~e more highly scattered, as expected, 

but did indicate the presence of measur.:: ble PCB levels at the County 

Office Building roofr in the backyard of the industrial hygienist's 

home, and at s0me neal:"by pCB lcmdfill sites. The median levels at the 

Co~nty Office Building dropped t-om O.S ug,~3 in 1976-77 to 0.04 ug/m3 in 

1979-AO. 
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'Ihus there is a considerable OOdy of data available ca1cerning FCB 

al.r levels in and around the plant during the 1975-80 period. Unfortunately, 

there is no data whatsoever regarding such levels during the preceding 30 

years. One can speculate that the levels inside the plants may have been 

higher in the late 1•1SO's aoo early 1~60's before the ventilation system 

was upgraded, or conversely that they may have been lower because massive 

saturation of the entire plant structure with trichlorobiphenyls had not 

yet developed. cne can also speculate that they should have been much 

lower i n the late 1940's and early 1950's because of the roch l~r vapor 

pressure of the pentachlorobiphenyls and the lack of previously accumulated 

PCB .i.n the plant. However, there are no recorded measurements either to 

confirm or to deny such speculations. Accordingly, in all enneavors to 

correlate PCB body burdens with exposure levels, we will be required to 

make the assumption that PCB air levels rneasured in 1975 were indeed 

representative of those present during the entire period of Aroclor 1242 

or 1016 use. 

As pointed out previously, however, this historical uncertainty 

need not extend to the question of the compos ition of the PCB mixture 

to which plant personnel were expose-d in the past. A capaci t.or is a 

hermetically Gealed device that preserves its rontained fluid in the 

dark, at mode1cate tP.mperatu~s, and in the presence of stabilizers. 

By analysis of old datable capacitors, it should ~ possible to 

identify the levels of PCDFs or other toxic co~taminants that may 

have been present at the time of manufacture. 
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4. Description of Empl~ee Population 

'!he General Electric plants at Hudson Falls and Fort Edward, New York 

are located near the juncticra of washington, Saratoga and Washington 

Counties, and draw their work force predaninantly fran those three 

counties, along with a few people fran eastern vernont. 'Ihe enployee 

population is estirnatea to have varied between a low of 1500 and a high 

of 2000 defending on the business cycle. Hourly production errployment is 

estimatea to have varied from 1200 to 1600 over the same period. 

Approximately 10% of the plant enployees had work involving direct 

physical contact with pCBs. 

Figure 4-1 shows the age and service time distributions of the 

hourly errployees, separated according to sex, as of October 1976. 

The population was bim:xlally distributed in both age aoo service time, 

with one peak around age 30, or 5-15 years service, and a second near 

age SO, or 2D-30 years service. 'Ihe S(:tvice times ranged out to 35 

years. Seniority and service dates generally agreed wi thir1 one year, 

inclicatinq few inportant breaks in service continuity. Female enployees 

constituted 42.5% of the entire plant population, and 62% of that was 

in the 55-59 age bracket. 

Demographically, the enployee population is presumably ~presenta

tive of the industrially-enployed population of Saratoga, Warren and 

Washington Counties. The populations of these counties differ slightly 
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~ from national norms in several respects. The populations are pre

dominantly rural and average 99.1\ white, with mostly English or 

• 

French surnames. The mean fetal death rates in the three counties in 

1968 were only 8.8, 6,3, anrl 3.3 per thousand, respectively, in con-

trast to 13.6 per thousand for New York State as a whol~. Conversely, 

all these count i es shared in .the surge in chronic obstructive lung 

disease that has occurred in ' upstate New York during the past 20 years. 1 

According to the DHEW Atlas of . Cancer .Mortality, 1950-1969 cancer 

mortality (all sites) for males was significantly higher than the nat·~ 

ional average for Warren and Saratoga Counties, with excesses in colon 

an~ rec~al, lung, and bladder cancers. · For females , Warren and Wash-

ingt~n Counties hap ' excesses, particularly in ovarian, cervical and 

rectal carcinomas. 

It is not certain to what extent the reported excesses in cancer 

can be linked to occupational expoiure. One small sample of relevant 

data is provided by Table 4-1, which lists tre prior occupational ex-

posures of the 194 individuals selected for clinical examination 

because of high exposure to PCB (next Section). It is evident from 

this Ta~le that occupational exposures to a variety of suspect car-

cinogens were occurring in the 3-county area, but it is not known 

whether such exposures were in excess of national norms. 

Employee Records 

The ultimate data bases from which more detailed information 

about the employee population of t 't1e plants must be drawn consist 

1 Rubin, B.B. Mortality from lung cancer, emphysema, and bronchitis 
for counties in New York State excluding New York City, 1960-1. 
New York State D~partment of Heal Monograph No. 16, Albany, N.Y. 
October 1980. 
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Table 4-1. Reemployment Occupational Exposures of 194 Hudson 
Falls - Ft. Edw3rd Capacitor Workers Who Subsequently Had 
Heavy Exposure to PCB. 

Chro~te duat and 
paint pigment 12 

Other chemicals and 
pesticide• (fa.rmere, 
E~• station attendenta, 
laboratory persoMel, etc.) 22 

Lint (~h1rt, carpet and 
other factories) 10 

M.!.ning. cement, 
and atone 10 

Asbestos (pipefittera, 
plumbers, electricians, 
construction) 23 

H~•vy metals and foundry 10 

~,;;-,'7 
Service - Poasible 
multiple expoeurea 35 

Paper mill• 8 

32 

• 
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of four types of enployee personnel arrl medical ~cords, which are 

currently being collated and microfilmed for analysis. 'Itlese records, 

available for both current and former enployees, are the follc:Ming: 

1. Employment application, which provides ~. address, 

social security number, birth date, sex, prior employ

ment history, education, etc. 

2. The front page of the personnel record, which lists all jobs 

held during ef!~Ployment by code, t i tle and date!:>, absences of 

over two weeks due to illness, lack of work, leave of absence, 

etc. in chronological order. 

3. Information selected from medical records inr:.luding physical 

exams, ht~alth insurance data, non-routine visits to the 

Medical Department and periodic 3 ·cal evall·1tions. 

4. Physicians Statement. Since 1970, it has been necessary for 

insurance PLirposes to sutrnit a physician' ~·. n :.port on .:>!"ly 

ertployee ret1.1rning to work after an ab::;ence oue to i l J.ness 

of two weeks or rrore. This re}?:)rt indicates the diagnosis, 

any surgical procedure performed, the period of disability 

and whether the disability was considered work-related. 

Prior to 1970, less elaborate reportir~ was required; however, 

examinations were conducted on returning enployees by the 

plant physfcians and the results, along with the insurance 

forms, were included in the medical record, so that the in

formation needed to construct morbidity profiles does exist. 

33 
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One of the desired outcomes of the ongoing studies of PCB blood levels 

in population sub-groups {described below) and their correlation with 

job codes is the development of criteria for classifying individuals into 

exposure categories on the basis of the information contained in their .. , 

Fersonnel records. Such de i.·erminations of exposL'.re category would then 

be used in the epidemiological analyses of nortali ty and pregnancy outccme 

data currently being plar~d by the New York State Department of Health. 
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5. Description of Study Populatir>ils 

As noted at the beginning, this study was initiated as an occu-

pational medical investigatio~ that i~ a deliberate search for clinical 

abnormalities in the small number of most heavily exposed employees, 

rather than as an epidemiological investigation of statistical ano

malies in a large group of mostly lightly exposed individuals. The 

procedur~s used for selecting the study group and subgroups used in 

this study 1 and the characteristics of the group selected 1 wilJ. be 

described in turn. 

Selection and Classification Procedures 

The initial clinical study group (Group 1) was selected by one 

of us (M.R.R.), who, as plant nurse and hygi~nist, had considerable 

( e personal knowledge of the plant operations and plant personnel. The 

criterion for selection was direct (physical contact) occupationul 

exposure to PCB at the time (early 1976), and it was the intent of the 

selection to have the study group include all employees having current 

direct exposure. The group selected consisted of 152 males and 42 

females , for a total of 194 pcrsor.s. 

This selection procednre differed considerably from that employed 

at the same pl~nts ld~er i~ 1976 by a team of investigators from the 

Mt. Sinai Schc-~:l of Medicine who haw~ already published some p ;- .'.minary 

accounts of their findings (by Alvares, Fishbein, Selikoff, et al.). 

The Mt. Sina i group issued a call for volunteers through the union, and 

as a result obtained a group of 326 persons. 
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The available reports indicate that the Mt. Sinai group con

sisted predominantly of persons having occupational exposures to 

PCBs that were only indirect, although still well above background. 

A total of 34 persons were rrerrbers of bot~ the Mt. Sinai group 

and the GE group. 

In addition to selecting a study population, an effort was made 

to classify the population selected according to exposure categories. 

These categories were as follows: 

H (high): Individuals with continuous exposure in a high 

exposure zone. 

M (rredium): Individuals with short, intermittent exposures 

in a high exposure zone, e.g., maintenance rrcn. 

L (low): Individuals with rontinuous exposure at the 

periphery of a high exposure zone. 

Unclassifiee: (Not in Study Group 1): Individuals without direct 

occupational exposure to PCBs. 

36 

These presumptive classifications, rnade before any data on serum PCB 

levels were known, have been made available to State and Federal in

vestigators for interim use in epidemiological appraisals. Current 

indications are that the serum PCB levels in persons assignee to exposure 

classifications M and L are actually s tatistically indistinguishable. 

In addition, serum PCB levels well above background have been obser~ed 

in the "unclassified" group (those not having direct occupational 

contact). 

• 
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A:;]es and Service Times of Study Group FOpulation 

Figures 5-1 and 5-2 describe t.he distributions of age and s·drvice 

time respectively in Study Group 1. It also shows that these ~is

tributions in the study populativn are f~irly similar to those for 

. ' plant as a whole • 

Job Descriptions and Estimated ~sures 

Table 5-l lists the job descriptions and estimated FCB exposure 

levels for tlr" 194 t=ers.ons included in Study Group 1. It is evident 

that the group comprises individuals t=erforming 57 different jobs, 

but that only 64 to 100 of the 194 individuals were in jobs assigned 

to the highest exposure category. 

Some information on prior exposures to agents other than PCBs 

is also available. Table 4-1 listed the prior occupational exposures 

for the 194 individuals in the study group. 

Other Groups Studied 

Certain subgroups of Study Group 1 were selected for addit i onal 

or modified examinations, and some control groups were also selected. 

The compositions of these additional groups were as follO\'IS: 

GroUP 2 was a subgroup of Group 1 ccmprising 12 individuals 

whose serum K:B levels were reported to be above 1000 pp~ in 1979. 

Blood sarrples were drawn from this group in 1980 in order to provide 

'37 
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TABLE 5-l. Job Description and Estimated Exposur~ Levels of PCB-E.xposed 
Capacitor Workers Selected for Clini~ · ~ Investigation 

JOB CODE TITL£ EXPOSURE l.Y.VEL NUHEER IN S'I1JDY 

0000 Laboratory L 1:0 '11 2 

7600 'i're•t Room Operator H 7 

1601 Apprentice PEC: H 8 

1213 Plant Engineering c 't.l f ts Ill& M ~0 H 30 
·-

6200 Pack & Label/Final Operations 
L 12 

0500 Q.C. Operator L 2 

0000 Manufactur·ing Ana l yst ' 2 -
1214 Plant Engineering Craftsman L 11 

1711 Test Q.C. H 2 

7601 EMF Operator H 3 

0106 Grc"Jp Leader L 5 __ , .... , ___ 
7625 Treat Shift Lurle .~ H '· ._ 

----
0200 Inspector-Incoming Material s l. 1 

1317 Move man L 18 

5514 Seal & Inspect fillholes H 7 

5750A \Jeld Atomic l. l 

04 .l 3 Material Follow~r H l 

0220 Q.C. Inspector H ~ 

5751 
Repair Powe.'f Factor r. l 

1420 ~epair Power Factor Capacitor H 7 

0000 Power ·Manu!•ctur1ng i:ngineu H 1 

0000 M&intenance Foreman L 3 

1421 
Repair - Capacitor 

H 1 

1215 Plant Engineeriug Craftsman H 3 

1701 ~hock & Vibution Test L 1 --
0000 Tr•at Foreman L to H 2 

Table S-1 

1\00 00 43 
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TABLE 5-l (continued). Job Descriptioras and Estimated Exposure Levels of 
PCB-P.xposP.d Capacitor Workers Selected for Clinical Investigation 

JOB CODE nn.I EXPOS URI l.EVO. NlJHl.ER IN S111DT 

1401 
- Small Industrial 

H to !I 6 

0000 Environmental Quality Engineer L 1 

1707 L 7 

1403 Salvage Operator - Power 
Ca ac1tor R 2 

7607 Refinery Operator R 4 

0000 Hanufacturing Engineer H 3 

!>702 ing 
H l 

0932 Hat erial R&ndler L l 

7605 - Power 
H 2 

0000 Treat E. Teat Manager L l 

0000 Process Control Engineer L 2 

1703 Electrical Tester L 2 

1708 Manual Tester L 2 

0000 Technician H 2 

0000 Safety Sptc1al1st L 1 

0619 Keeper -
L l 

3214 Small 
H 2 

1710 Test Special H 2 

0000 Process Control Specialiat L 2 

0000 Qual1 ty Control L l 

0000 Methods/Time Standard• L 1 

0000 Production Control L 1 

0000 Facil1t1u Anal yet L 1 

0000 Analytical Chemist L 1 

~~- 0000 Quality Control Engineer L 

0000 Sh1rp1n~ Foreman L 

Table 5-l 
B 000044 . 



42 

TA~LE 5-l (continued). Job D~scriptions and Estimated Exposure Levels 
of PCB-Exposed Capacitor Wor~ers Selected fo~ Clinical lnvestigati~~ 

JOB CODE TITU EXPOSURE l!VIl.. Nl.YMBER L' SnJDY 

0000 En~tinoeer L l 

0000 Kanuf act ut'ing Specialist L 2 

1280 Development Specialist L l 

0000 Maintenance Supervisor L l 

0000 Kana&er - Component& L l 

TOTAL 194 

000045 



the individv.al and pooled samples use~ to evaluatl t! precision of 

the serum PCB an~lysis as described in Section 7. This group is thus 

our only source of information about 1979-80 changes in serum PCB 

levels. 

Group 3 consisted of 18 office workers at the GE Corporate Head

quarters in Fairfield, Connecticut, none of whom had ever had any 

known occupaticnal exposure to PCB's. Blood samples were dra~n from 

this group in order to assess serum PCB background levels in 1976 and 

1979. 

Group 4 consist~d of 18 subjects drawn from the Hudson Falls-

Ft. Edward salaried administrative staff. These were individuals who 

had had long service at the plants (average, 23.6 years), but no known 

direct occupatinn~l exposure to PCB's. This group is believed to be 

comparable in exposure history to most of the older empioyees in the 

volunteer group examine~ by the Mt. Sinai investigators. 

Gro~p ~consisted of 16 capacitor workers c1rrently working in 

the imp=egnation operati~n, but employed since the .1977 discontinuance 

of PCB use. These individuals were young and averaged only 2 years' 

service t:lme. 

~roup 6 consists of 20 individuals who were originally members 

of Study Gr oup 1, but who have subsequently retired or left the 

Company. some missed the 1979 follow-up of the initial 1976 examina

tion. An effort is now being made to track down these Group 1 alumni 
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and persuade them to undergo continuing examinations in order to 

assess PCB clear ~nce rates and development· of PCB relatable he~lth 

problems (if any) in the o~der age groups. Formal arrangements are 

also being made to include a PCB follow-up request as a part of the 

pre-retirement exit interview. 

• 
(I 

J 
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6. Clinical Examination Procedure 

Following the 1976 selection of 194 enployees :Lor study, they ~-ere 

ir.vi t'i!d t.o the Medical Dispensacy for workup. A medical history was taken 

and a physical examination performed by the attendii·ag physicidtl (J.F.). Blooc:l 

was drawn for PC:B levels and conventior al chemistries, and pu.lm:Jnary function 

was assessed by spiranetry. EX:Gs were obtained and read by one of us (J.F. ). 

O'lest x-rays were obtained and read by a local radiologist. Each errployee 

received a· letter outlining any abnormal findings. In appropriate cases, 

the findings were c:Hscussed with the employee and the data forwarded to his 

or her physician. PC:B levels were not divulged or discussed with employees. 

The study group was brought back for reexamination during November 1979. 

The reexamination consisted of an up:lating of the medical histocy, a oore 

exact definition of smoking habits and further data on reproduction. Pul.Jronacy 

function tests were repeated. Chest X-rays, ECGs and physical examinations 

were repeated only in selected cases. Blood chemistries and PCB levels 

were again obtained . 'Ihe data obtained in 1976 and 1979 has been supplemented 

by interim examinations and by follow-up examinAtions since November 1979. 

Atx>ut half of the Mt. Sinai group re-volunteered for a repeat examination 

in December 1979. No findings f ran this second Mt. Sinai examination have 

yet become availabl~. 

000048 



Blood Chemistries 

Fasting blood sanples were drawn at the time of medical examina

tion for blood chemistries ahd hematology, and a urinalysis performed. 

The analyses were conducted under contract by Metpath, ~terbcro, 

New Jersey. Table 6-1 lists tile blood, hematological and other 

variables measured i n this study. Between 1976 and 1979, total 

lipids "~ere dropped fran the routine Ch~mscreen and magnesii.Utl 

added so that 1976-1979 comparisons are not possible for these 

·.;ariables. 

In 1979, .Metpath intr-OOuced a c:arputer program that provides a 

statistical sunmary of analyses pedormed for individual institu

tio~. A part of the output consists of tabl;s of normal ranges 

adjusted for age and sex. We have made use of these standards in 

the evaluation of our data. All data in the Metpath analyses are 

treated as normal distributions, although there is substantial 

evidence that many of the variabl~s of interest in this study, 

primarily those related to liver function and blood lipids, are 

actually lognormally distributed. ~~re appropriate, we have 

also evaluated the data using the log-normal assumption. 
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e TABLE 6-l. Clinical Parameters Evalua~ During Examinations of PC&-Exposed 
Capaci ~or Workers at Hudson Falls - Ft. Edward Plants 

e 
Population and E~posure (16) 

Sex 
.Age (years) 
Service (years) 
Job Code 
Job Status (active, inactive) 
Plant (HF or FE ) 
Exempt/Non-Exem 
Disease Status 

Serum PCB 
.Aroclor 1242 (Lower homologs) 
.Aroclor 1254 
Aroclor 1260 (Higher homologs) 

I 

p,p -DOE 
Exposure Estimate (0-2) 
Air PCB 
Mt. Sinai Participation 
Fast/Non-Fasting 

(1976) 

Metabolism (11) 

Height 
Frame 
Pre-Empl. Wt. 
Body Wt. (76 & 79) 
Max. Ref . Wt. 
Body Wt/Height* 
Body Fat (kgs. or \ BW) 
Triglycerides 
Cholesterol 
Blood Sugar 
Uric .Acid 

Cardiovascular Function (3) 

ECG 
Blood Pressure 

Systolic 
Diastolic 

Liver Function (12) 

Total Bi ) irubin 
Direct Bilirubin 
SGOT 
SGPT 
GGTP 
Alkaline Phosph . 
LOB 
Total Protein 
Albumin 
Globulin 
.A/G Ratio 
Amylase 

Renal Function (17) 

Bun 
Creati:1ine 
Bun/Creat. Ratio 
Na+ 
K+ 
Cl-
Ca++ 
Ph-

Urinalysis 
.Appearance 
pll 

Sp. Gr. 
Acetone 
.Albumin 
Glucose 
RBC 
WI3C 
Casts 

Hematology (13) 

Iron 
RBC 
HGB 
HCT 
HCV 
HCH 
HCHC 
WBC 
Differential 

Polys 
Lymphs 
Monos 
Eosins 
Baso. 

Pulmonary Function (4) 

FVC 
FEV l 
l-'EV /FVC 
Che~t x-ray 

History (5) 

Smoking 
Alcohol use• 
Drug use* 
Diagnosis 
Surgery 

Symptomatology (6) 

Dermato logical 
Neurological 
Cardiovascular 
Respiratory 
Gastrointestinal 
Musculoskeletal 

~ 
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• t: · :..'"jr f ~.nct ; ·CH'• l'.oJ ~~s eva h .. ,, ~c: : n 19 7€ using a Vanguard* 

~.easurements w.:: ... ·e made in the 

:: . · •. ~ ·.:m i : ' a d :. s p~ · i 1 ter sensor. Computations of 

. •".>1d c.he FEV 1 -FVC ratio were performed manually 

<-~ ••~" ·.)'~ . . t ror:n tri'.~ ings and slide rule. Measurements were judged 

a cccp~ab - ~ wh •n there ' ' JS a greement within 10 percent in two out of 

t . r .• .-_, :· · pet j t :i 1s . 

·,,..., '9i 9 met.1 Siuements were made with a V3riguard* DS 502 spiro-

me t-"! l. i. th B Tn:eprog :c aJi\ITl !!d comp:..1ter printout that utili zed the Morris 

2 standa rds . In interpr~ ting the data, we have calculated the data 

following Knudson 3 and broadened the normal range to >70 percent for 

both vital capac~ ty and the FEV
1

/FVC as re r::ommende d by t11( Ame ..:- ican • 

Thoracic S0ciety. Such standards are important in evaluating thP. 

prevalence of r estrictive disease found by Warsha\ ' et al. 4 in this 

po?ulation. 

• Life Support Engineering Corp., Woburn, MA 

2. Morris, J.F., Koski, A., and L.C. Johnson. _Spirometric Standards 
for Healthy, No n-smoking Adults. Am. Rev. Resp. Dis. 103: 57-67, 1971 . 

3. Knudson, R. J., Slatin, R.C . , Lebowitz, M.D . , and B. Burrowo. The 
Maximum Expirat<.,r y Flow Vol ume Curve: Normal Standards 1 Var iability, 
and Eff e cts of J ge. Am. Rev. Resp. Dis. 113: 587, 197€. 

4. Warshaw, R. 1 Fi~chbein, A., Thornton, J., Miller, A., and I.J. 
Seliko!f. Decrea~e in Vital Capacity in PCB-Exposed Workers in a 
Capacitor Manufactnring Facility. Ann. N.Y . Acad. Sci. 320: 277-263 , 
1979. 
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7. Ser-um PCB Measurements 

The analysis for PCB's in ~nvironmental, niological, or clinical 

specimens at ppb .o ppm levels has been a commer:cially available serv

ice for some half a dozen years, and is now offeree by at least a dozen 

commercial laboratories in this country, including the one engaged for 

this project. Despite this, serum PCB determinations continue to pre

sent far greater levels of imprecision, inaccuracy, and ambiguity in 
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the nature of the parameter reported by the analyst than are encountered 

in any of the conventional blood chemical measurements c~mmonly used in 

clinical medicine. Accordingly, we have g1ven continuing .attention to 

the problem of defining the reliability and meaning of the data be:lng 

supplied to us by our analyst. In this Section we shall describe the 

sampling and analytical procedures used for the determi nation of serum 

PCB levels and present the available d~ta on the accuracy, precision, 

and significance of the measurements. 

Sampling Procedure 

Ten cc blood samples were drawn, allowed to clot, centrifuged, 

and the serum decanted, labelled, and frozen. Groups of samples were 

shi~ped in polyethylene containers to WAF~ Industries, Inc., Madison, 

Wiscons in (now Raltech) fc nu lysis. Serum PCB analysis was begun 

only in the middle of the study ; as a consequence, ~ubjects had 

to be recalled at odd hours so that the bulk of 1976 PCB samples were 

taken non-fas t ing. The balance of the subject~ (34) were drawn in 

the fasting state with the other blood chemistries. In the 1979 study 

all samples were drawn in the fasting state . In 1976 analyses were 

reported as Aroclor 1254, Aroc)or· 1242, and p,p'- DOC usin1 appropriate 

standards. In 1979, data were a l so reported as Aroclor 12e : . 

000052 
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Analytical Procedures Used 

A 1981 description of the analytical procedures used by Raltech, 

along with some representative chromatograms, is presented in Table 

7-1 in uncondensed form, except for the omission of the extraneous 

chromatograms relating to the DEHP (di-2-ethylhexyl phthalate), 

TCB (tri~hlorobenzene), and DCB (decachlorobiphenyl). (Th~ DEHP and 

TCB levels in the capacitor worker population are not yet known, and 

Ral tech' 3 attempts to determine total s.erum PCB s by '.:.he perch lor ina-

tion procedure, which would produce DCB for quantitation, have thus 

far proven unsatisfactory.) He were informed that the PCB analytical 

procedures used in 1980 on t.1e 1979 serum sa. es were substantially 

identical to those in the 1981 descriptions; but did note from the 

chromatograms that somewhat different peaks had been used in making • the quantitations. 

The procedure used in 1976, when WARF was just beginning to do 

such analyses on a commercial basis, differed in several respects, 

notably in the use of a "petroleum ether-freeze-by-dry-ice" (PE) 

rather than a "methanol-hexane" (MH) extraction procedure, in the 

dim~nsions of the column used (8 ft x 2 ~~ i.d., rather than ~ ft x 

4 mm i.d.), in the source used in the electron capture detecte>r 

(98 h 63 . ) d . h 1 . . . St rather t an N~ , an ~n t e e ectron~c c~rcu~try. 

Tests of Accuracy of Procedures Used 

The possible significance of ~hese variations between the analy-

tical procedures used in 1976 and 1979 became of great interest when 
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TABLE 7-1. Description of Procedure for Serum PCB Analysis Supplied 
by Raltech in 1981 

Methanol-Hexane Method (1979) 

1. ~eigh S g of aerum into a cul~ur., tube. 

2 .. Add 2 m:i. of methanol* and mix on a Vortex for 1 •inutn . 

). Add 5 aL of hexane:~thyl ether (1:1) and place on a horizontal ahaker for 
10 to 1~ minute&. If emulaiona form, centrifuge and/or place in a aouic 
bath. 

~. Decant hex•ne layer into a culture tube and repeat ~xtraction two more 
P~mel with 5 mL of hexane:ethyl ~her (1:1). 

5. ,tcentrate under a gentle stream of nitrogen to about 0.5 mL or les~. 

6. Transfer the extract to a micro-Florisil column. Thia column iM a 2 ft 
by 6 mm id glass column contaicing 2.2 g of Floriail (60/100 mesh 
Florisil, PR grade, from the Floridin Co. [Pittaburgh, PA), heated in • 
l4o•c ov _~ ! 6-24 hours) . 

7a. Elute PCR and ~IDE ~>'it..h 10 mL 1% met:1anol in p~!troleum ether. Concentrate 
under a gentle ltro;, " '·'· nit · ,en to about 0.5 ml.. Bring volume to 2 mt. 

7b. Elute TCB and DEHP r . cc ,~ ssively in the following manner: 

First, elute TCBs with ~- mL of 1% methanol in petroleum ethe~. 
Second, elute DEHP with 14 mL of 20% ethyl ether in petroleum ether. 

Concentrate on a water bath u1ing micro-Snyder columns and 25~L 
concentr£tor tubes (Kuderna-Daniah) to approximately/C. 5 mL. Bring 
'liolume to 2 mL in calibrated tube•. 

8a. Inject blanks, controls, and aamplea for PCB and DDE on a Hewlett Packard 
gas chromatograph under the following instrument op~rating conditions. 

• 

Hodel 5710A CC equipped with electron capture detector 
Column: 6 ft x 4 em id, 1.5% on SP2250/1.95% ~P240l on 100/120 

Supelcoport 
Tempenilture 

Injector: 25o•c 
Column: 2os•c 
Detector: 3oo•c 

Carrier cae: ar&on:aethane (95:5) 
Flow rate: ~3. 5 mL/minute 
Recorde~: 1 .v, 15 in./hour 
Artenu~tion: 64 (lLv level) 

512 (hi&h level) 

All aolventa Ysed were Burdick and Jackaon diatilled in &la~s ··P.R. &rade 
o'r equivalent. 

000054 
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T <"J:-lc '1 -l (continued) 

Bb. Inj r.:ct bh·l'lkl, control Ierum, and •ample• for TCB on a He~o~lett PKk.ard 
gas chromatograph with th ~ follo~o~ing operating condi~ic 1 1. 

Model 5710A equipped ~o~ith el~ctron capture detector 
Column: 6 ft x 4 mm id, 3: OV-1 on 80/100 Caa Chr~m Q 
Temperature 

Injector: 25o•c 
Co 1 umn : 12 5 • C 
Detector: Joo•c 

Carrier au: araon :methane (95: .5) 
Flo1o1 rate: 60.0 mL/minute 
Recorder: 1 1IIV, 15 in. /hour 
Attenuation: 8 

Be. Inject blanka, controlf, and temples for DF.KP on a He~o~lett Packa~d gas 
chromatograph operated under the following conditions .. 

~ ~ del 5710A equipped with electron c~pture detectar 
Column: 6 ft x 4 am id 3% OV-1 on 80/100 Caa Chrom Q 
Temperature 

Injector: 2so•c 
Co 1 umn: 2 4 0 • C 
Detector: 3oo•c 

Carrier gas: argon:methane (95:5) 
Flow rate: 60.0 mL/minute 
Recorder: 1 mv, 15 in./hour 
Attenuation: 8. 

9. Calculation• 

The baaelines for all chrom•tograms were drawn uaing a atraight edge 
under all peak1 in the chromatogram (Figures 1 to 12>". 

Aroclor 1242 

The toncentration of Aroclor 1242 in eamplea ia detennined by peak height 
compariaon o! eample to atandard using three major pe~ks found a t theMe 
retention timea• i~ the Aroclor J tandard: 0.35, 0.70, 0.83. 

In the ltMndard, the peak at o:7o retention time has a tmall ahoulder peak at 
0.65. Thi !l peak wu one of the major peak• in. th4! poole ,' 1erum tample 
chromatoarac~, therefore the ahoulder peaka at 0.65 r ~ tent i on • . im~ in tbe 
samples vaa ua d for quantitation. Figurea 2 and 5 depict the tanda =d p~aks 
and CO:"'rupondin& eerum aample peaka, respectively. Fiill t:' ' e i1 a 
chrom•toaram of a control eerum aample vhich illuatrstes ~he pea k1 ~•ed for 
quantitation. 

• All retention times referenced were taken relativ • to ODE at•ndard vith the 
retention time of DOE • 1.0. 
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TA~LE 7-1 (continued) . Description of Procedure for Eerum PCB Ana!ysis 
Supplied by Raltech in 19bl 

Fot· Aroc:lor 124'2, the eq1•ation u1ed for c:alc:uhtion waa ali followa: 

A roc: 1 or 121. 2 ( ppb) • a X b X e 
---;x-d-

~: · ;~ • a Ar.clor in 1tandard peaks ( ~g) 

'·t_f,;; • of umple ,>eaka • (peak height at RT* DOE c .. J5 + ;yulr, hei~tht 
a ~r 0.65 + peak h~ight at RI ODE 0.83) 

" ,he 1 ~ ltanda "d peak • (peak height at RT DDE 0.35 + JJeak ~ '!i&•lt 
t ,. ;)DE O. 70 + peak heigt'. : at RT DOE 0.83) 

d o.1g aample weight (g) 
e • • i n 1 . '\. "a c t v t 1 1 ume ( mL ) 

~ ;. r, ,. :v·.. ~ ... , ... _____ _ 

~~ pe11k1 ~ sed for ~uantitating Aroclor 1254 were the lut four major ~, .: ,k · i. 
the An,c J. or 1tandard, at the folloving retention ti.tKI ~ 1.26, 1.1.2, l.il~. 
1 . 81.. 

Figure 3 ahows 1tandard peaks and figures 5 and 6 1how pe8ks in pool and 
control aera. 

Calculation~ are the lame as for Arnc 1or 1242 exce~t: 

b • h~ight of ~ample peaks • (peak height at ~T 1.26 + peak height at 
RT 1.1.2 + p~ak height at RT DOE 1.62) 

c • height of standard peak • (peak height at RT ODE 1.26 • peak height 
at RT DOE 1.62 +peak height at RT DOE 1.81.) 

Aroc:lor 1260 

' 
Three major peak1 following the Aroclor 1254 peaks were ~sed to quantitate 
Aroclor 1260 in th4! aame manner .ts the previ,oua Aroc:lorl'. Peak• 111easured and 
used fnr calculati1>n are shovn in the 1tandard in Figure 4 and in pool and 
control aera in Fi~urea 5 and ~. 

Calculations were the same as for the otheT Aroclors, using th~ peaka at the 
following rete ntion times: 1.97, 2.90, 3.77. 

Thi1 pesticide was quantitated using peak hei&h compariaon of the ~ample1 to 
a •tandard. Th e calculation wa1 aimilar to that f r th~ Aroclor1 1 except that 
only a •in&l~ peak was uaed: 

0 ( ppb) n 
a X b X e 

c J( d 
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Table 7-1 (continued) 

where a • DDE in ~tandard peaka (ng) 
b • he ight of umple peak 
c • height of atandard peak 
d • weight of original aaraple (g) 
e • final extract volume (mL ) 

Typical DDE chromatograma are il l uatr•~ed in Fig•Jre 1 (atandard) and Figurea 5 
and 6 (pool and control aera). 

DEHP and TCB 

DtHP and TCB were quantitated from lingle peaka. The calculation was 
identical to the calculation for DOE. A DEHP &tandard chro~n~togram ia ahown 
in Ficure 7 and a ~erum aample injection ia ahown in Figure 8. Figures 9 and 
10 are repreaerltative chromatogram• for TC:!! ltandard and apiked aerum, rea pe c t i vtt 1 y • 

Decachl orobiphenyl 

DC! was quantitat ed fro~ 1 ~ingle peak with a c alculation routine identical to 
that o! DOE. Hany chromatograms are in c luded in this area of the atudy, 
in t luding 1 DCB atandard (Figure 11), an antimony pentachloride 
perchlorination blank (Figure 12), 1 perchlori nat ~d control Ierum &ampl ~ 
(Figure 13), and aev~ral examplea of Ar~clor •tandard perchlorinationa. 

' I 
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TABLE 7-1 (continued) 
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Table 7-1 (continued) 
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TABLE 7-1 (continued) 
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Table 7-l (continued) 
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TABLE 7-l (continued} 
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~able 7-~ (continued) 

fiGURE 6 
REPRESENTATIVE CHROMATOGRAM 

OF 
CONTROL SERA 

. ~.- -·~ 
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it was found that the reported 1979 levels of both Aroclor 1254 and 

p,p'-DDE, in both the study population and the out-of-state controls, 

were all about 7-fold higher than the levels reported in 1976. Ac

cordingly a number of tests were run in 1980-81 to find the origin 

of the discrepancy. 

Table 7-2 presents the results of a series of analyses of a 

control serum, which contained only a few ppb each of Aroclor 1242, 

1254 and DOE, where th~ analyst was requested to duplicate the extrac

tion procedures used in 1976 (PE) and 1979 (MH) .as closely as possible. 

The results suggested that the PE method might work a little better . 

for 1242, and MH slightly better for 1254 and DOE, but none Qf the 

differences were statistically significant. 

Table 7-3 presents the results of several series of analyses 

on control sera that had been deliberately spiked with known levels of 

Aroclor 1242, 12 r:. 4, or ODE. The results were mixed. Me thod HH gave 

good recoveries with 1254 and DOE, but poor recoveri e s with 124 2. 

Method PE gave poor recoveries with DO . and 12~4 in one series of 

runs, but good recoveries of 1254 in another . In the latter, interest

ingly enough, there were considerable run-to-run variations in the 

recovery of the added spike which were not p'ralleled by variations 

in the leve : s of recovered ODE, which was present before spiking . 

A.gain, it was difficult to demonstrate a convincing difference between 

the two extract i on procejures. 

A few experiments were done using an alternative procedure which 

differed from the methanol-hexane method in the omission of the 

000064 
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iABLK'7-2. COMPARISON HETWH.: N TRIPLICATE ANALYSES Of 
CONTROL SERUM BY PETROLEUM ETHER - FR EEl.F-BY -DRY -ICE (PE) • AND METHANOL - HEXANE (MH) METHODS 

~cies Mer hod N .x (ppb) s PE/MH 

1242 PE 3 3.303 0.4508 
1242 MH 3 2.690 0.5475 1.23• 

1254 PE 3 7.577 0.8909 
1254 MH 3 9.223 0.3175 0.82" 
1254 MH 41 IJ.5b 

DOE PE ) 8.290 1.189 
DOE MH 3 8.883 0.2902 0.93 41 

ODE MH 34 10. 7h 

a. T-rest of diffcrcnc~ of me11ns nor significant, p > .05 
b. Average of many other derern.inations on same sample 

000065 



63 

TABlE '7 -3. Rt::CUV ER II::S OF SPIKES AOOEO TO CONTR OL. SERA 

.e 
USING PETROLEUM ETHER ~ FREEZE- BY -DRY ·ICE (PE) AND 

METHANOL - HEXANE (MH ) METHODS 

Species Method N Before Spike After %Spike DOE 
Spike (ppb) Spike Recovery Obs'd. 

1242 MH 3 7.93 10.0 14 .0 61 

1254 PE 10 10.0 10.0 14 .76 4R 
1254 PE 1 l O.O 10.0 23 . I 131 17 .5 
1254 PE 2 10.0 20 .0 32 .1 Ill 16.3 
1254 PE 2 10.0 50.0 50.9 82 I 6.4 
1254 ~E I 10.0 100.0 122.0 11 2 1'7 .2 
1254 MH 3 13 .4 I 0.0 22.9 95 

ODE PE 10 12·.1 I 10.0 17 .17 52 
DOE MH 3 I 0.4 10.0 I 8.7 84 

--
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methanol denatura ~ i on ep 2, Table 7-1) a nd the use of straight 

hexane rather t.J1an h ~ a ne-ether as the extractant. Dup li.ca te analyses 

showed the r~ ~0v er ies o f 12S4 and no~ to be only 45% and 49% of those 

prov i ded by the methano l-hexa ne method, and that t.hese recoveries 

were not improved by repea ti ng the hexane extractions. This "straight 

hexane" method was nevE:- r used in our study, but has been occasionally 

used by others. 

The 1979 DOE levels re por·ted for both our control and study popu

lations, and the 1242 and 1254 levels reported for our control popu

l a tions were all in good ao re ement with the U.S. background levels of 

PCB s and DOE reported by others, i n d i cating that there is no reason 

to question the 1979 analyt i cal r e s u lts. The source of the roughly 

7- fold error in the 1976 data for 1 2 54 and ODE is still unknown. Also 

unknown is whether the error also affected the l976 re . 1lt~~ fo:r 

Aroclor 1242 (As wi ll be seen in th e nex t Section, the l3tter tended 

to be higher than the 1979 le.vels in the controls and othe::- lightly 

exposed persons, but a little low 2 r in t h e study popul~tion as a whole.) 

Because of these uncertainties, we have been adv ~ ~ ed by the Raltech 

analyst to disregard all o f the 1976 data on s erum PCB levels unt i l 

the nature of the error has betn d , termined. Accord i nsly , all of the 

calculations of bo1y burden, cor ~e lations with exposure levels, a nd 

relationship s to clinical s y mpll. ..... .;. d e~; c ribed i n later sections o f 

this report wi l l b e a sed upon ~he 1979 data. 
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Tests of Precision of Procedures Used 

Table 7-4 shows thP. results of 24 replicate analyses of a control 

serum pool over a one-wetk period u~ing the 1975 (MH) procedure. The 

coefficients of variation for th~ de~erminations of Aroclor 1~42, 1254, 

1260, and ODE were found to range between 13.nand 26.B%. 

In order to determine the linearity of the response, a 60 ml. 

pooled sample was prepared from measured portion.:> o. · th~ sera of 12 

highly exposed subjects. ... ,; Aroclor contents we :rt:: taken as the 

average of valuescalculated from the we i ghted contributions of the 12 

sera used and thoseobtained by triplic~te analysis of the pool. The 

pool was then serially diluted twi <: e with the Raltech Red Cross serum 

pool and once using distilled water, and the diluted samples analysed 

by the 1979 (methanol-hexane) procedure. The results for Aroclo.,.. 1242, 

1254, and ~260 are shown as data points in Fig. 7-1. The regression 

found to fit these data poi was 

logy = 0.0947 + 0 . 951 log x 

where y is the reported PCB value and x that calculated from the di

lution used. Fig. 7-1 also shows the calculated regression line, the 

line of identity, and the positions of boundaries about the reg~ession 

of the 95% confidence limjts on individual measurements. The line of 

identity falls within the confidence limits. 

Judging by the results of a recent unpublished round robin study 

of the pP.r forma nee of 11 cornmerci a 1 labor a to ~: ies (including Ral ":ech) in 

,. 
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TABLE 7-4 

PCB and DDF. l..eve h l • 24 ~e p1 ~ c: ate s of Control Serum 

Compoun~_!_~~l'll ned ( EEb > 
Aroclor A'(oclor ATOC lor 

~ 1242 ---- 1254 1260 IJDE 

1 4.73 8.07 • 9.47 
6.68 9.22 • 9.82 
8.86 11.1 a 10.4 

14.0 14.7 !' 9.5 
10.7 l7.9 • 10. 1 
9.88 17.5 • 12.6 

10.7 1Jo.6 • 10.4 
10.1 14.4 ll 8.76 

2 5.91 11. • 1 11. 1 
6.91 16.0 • 13.9 
5.91 14.0 a 10.6 
6.03 13.1. a 11.1. 

3 8.46 1G.3 10.1. \2.9 
u.52 13.3 8.08 9 . 26 
6.34 13. 1 7.69 8.77 
6.34 13.6 8.08 9.64 
7.05 13 . 6 i • 31 9.97 
:.7.2 13.8 8.85 9 . 61. 

4 6. 70 12.2 6.92 9. 6'· 
7.:)8 14. (1 8.08 10.5 

8.41 9.81 4.62 7.48 
7.66 12.6 6.54 11.2 

6 7.22 12.6 5. 7 7 9.53 
10.5 12.9 6. 15 U.4 

Average 7 . 9 3 f,. . tj 13.4{r ,; . ~.J 7.3i~ ; . .f.).. 10.3'1! / . V.l. 

High 14.0 17.9 10., 13.9 
low 1..73 8.07 l..6 2 7. l. B 
cv,1

• .u. f' /J . a ,)~ · (, ,.] . 7 

• Aroc1or 1260 not quantitated. 
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the analysis of PCBS in hexane, wat ~ r, and fish samples, conducted by 

the New York State Department of Health, this level of precision in 

determinations of serum Aroclor should be considered as highly credit

able, state-of-the-art, performance. 

Ambiguities in Reporting Prvcedu~ es Used 

It should be noted that the PCB analys t faces some ~ otty problems 

in finding defensible ways to report his findings. The commercial 

PCBs all consist of complex mixtures o f homologs and isomers, which 

give rise to complex, ~u l ti-pcak gas chromntograms (Figs. 2-4 of 

Table 7-1). The electron capture detector gives markedly different 

responses for diffe~ er ! L ~ CB j s me rs, so that the relative heights of 

different peaks may h~ greatly different from the rela t ive weight 

c o ncentra t ions of the species producing thos e peaks. Jn environ-

mental samples, there may be extraneous peaks from chlorinated pesti

cides, which obscure some of the PCB p e aks, and par t ial biodegradation 

may have o c curred, leading lo peak distributions different from those 

i n the standards (compa re Figs. 2 and 5 o f Table 7-1~. A co~vent i onal 

solution to thes e p roblems ' s to r eport th e col l ection of observed 

pe ak heights us a concentration o f "A r oclo r xxxx." What this para

meter really denotes is the concentration of an Aroclor xxxx standard 

required to produce one or more peaks, ~e sum of whose heights is eg u 

to that of selected (but frequently unspecif~ed) pea Ks found at th 

corresponding retention t imes in the chromatogram of the sample. TJ 
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ope=ational procedure can, in principle, be conducted to any level of 

accuracy and precision. However, it is important to realize that a 

concentration reported as "A roc lor xx>:x ,, " or even the sums of con

centrations so reported, cannot be equal to the total PCB concentration 

in the sample except in the special case where the isomer distribu

tion in the sample is identical to that in the standard. These in

~qualities, which result in ambiguities in the actual levels of PCB's 

present ev~n in samples where the "Aroclor xxxx" levels are accurately 

and precisely reported, are of two kinds: 

The first, and more easily managed, results from the fact th3t the 

ranges of composition of the various Aroclors overlap, and the re

p~rting pro~edure permits multiple reporting of the same peaks. Some 

sample calculations of the sort of confounding that can result, based 

on the peaks used by Raltech on the 1979 s~mples, are shown in Table 

7-5. It is seen that if comparable amounts of lower and hisher PCB's 

be present, the reporting of Aroclors 1242 and 1254 and 1260 will 

re ~ u l~ ~ n ~n approximately 2-fo1d overreporting of the total PCB in 

the sample. Such overreporting can be i nimized by reporting only 

Aroclor )242 and 1260. Alternatively, some investigator s are getting 

awC'Iy fr o m the range-over lap proble1 .. by reporting t heir d~ta as "lower 

PCBs" (LPCB) and "higher PC8s" (HPCB). The former corresponds to 

'1o s e isomers givi ·ng peaks before the DOE peak on the c hromatogram, 

the l a tter to those giving later peaks. If ~he LPCB and HPCB values 
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TABLE 7-5. CALCULATED LEVELS OF VARIOUS AROCLORS 
THAT WOULD BE REPORTf.O FOR TYPICAL AROCLO~ SAMPLES 
USING THE 1979 RALTECH SUM-uF-SELECTED-PEAK-HEICH'fS 

METHOD Of QUANTITATION 

Compvsilion Reeortable Level of Aroclo_! 
of S11mple 1242 1254 1260 Sum 

Pure Aro 1242, 100 100 10 5 1\5 

Pure Aro 1254, 100 60 100 <7 J07 

Pure Aro 1260, 100 22 143 100 265 

1242, 100 + 1254, 100 162 Ill 52 325 

1242, 100 + 1260. too 120 160 106 )86 
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be also determined by the sum-of-select-sd-peak'-heights method, then 

in samples of ttl typ~ being considered here, the LPCB and HPCE values 

should be fairly close to those for "Aroclor 1242" and "Aroclor 1260," 

respactively. 
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The second source of uncertainty aris~s when th~ distribution of 

isomers in the sample differs from that in tht~ standard. Quite obvi

ously, if the peaks selected for use in the sum-of-selected-peak

heights procedure ~appen to be those of the fe~ isomers that persist 

after n1ost of the other PCB iscrners have beE-n eliminated , then this proce:3ure 

can conside~ ably ov~rstate the total amoun~ of PCB present. Comparisons 

of the chromatograms of human sera (e.g., Tab e 7-1, Fig. 5) with those 

of the Aroclor standards (ibid., Figs. 2-4) sc ~ gests that there is a 

distinct possibility tr.at this could be the case for the serum PCB 

data re~ r ted as Aroclor 1242, but not for that reportad as 1260, and 

probably not that reported as 1254. 

One possible way t.o avoid ambiguities resultiny from variations 

in isomer oistribution is to analy:z.e the sample by thn perchlo:rination 

prr edure, which converts all isomers alike to decachlorobiphe~yls 

for 4uantitation and reporting as tot~l PCB. Unfortunately, that pro

cedure als o obliterates the distinction between LPCBs and HPCBs , 

which m£y be of clinical importance. In addit i on, in our hands at 

leas.t, it. has not yet performed satisfactorily on PCBs recovered fro,n 

sera. 
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A more reliable alternative procedure would be to measure the 

height of ever.y peak on the chromatogram, discard those corresponding 

to kno...,:n pesticides or other environmental contaminants, divide eac.1 

of the remaining (PCB) peaks by its publ i shed electron capture re-

sponse factor, determine the ratio of each quotient to that for the 

corresponding peak i.n U:~ standard and the nce .its individual concentra

tion in the sample, and finally to add \lp all t ;1e concentrations for 

peaks in the range of interest to determine the total PCB present. Even 

with use of a computer to perform the calculations, this would be a 

fajrly laborious procedure, and has not yet been applied to our chromate-

grams. However, until it is done, at least on representativ~ samples, 

we cannc.t be sure whct.her the serum "A·roclor 1242 " values, as con

venti0n~lly reoo~ted, really do correspond to acceptable measures of 

abs:)l!Jte serum LPCB. 

Meanwhile, we are preceding with various clinical ~tudies Bnd 

epidemiological corrE!lations as described i n late r sections of this 

report. In all correlations made and described to date we have nsed, 

as measures of serum PCB levels, the 1979 values for ''Aroclor 1242 , " 

"Aroclor 1254," and "Aroclor 1 26 0" exactly a s reported to us by Ral-

tech. Tf olnt1 when it hc.·r: omc!:; po : · ~;ihlc lo refine the Be !>omcwhot amb i-

guous measures of PCB levels, we shall rename the pa rameters used, 

probably to something like LPCB and HPCB, and recalculate the data aE 

required. 
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8. Sert.ml PCB Findings 

The reported distributions of serum Aroclor 1242, 1260, and 

DOC in our heavily exposed study population (Group 1) is displayed 

in Figure 8-1. It is seen that the data are log normally dis

tributed and have approximately the same slopes on the cumulative 

per~tage plots, indirAting similarity in the standard deviations. 

Statistical descriptors of such data oistributions for ~~is study 

group and the out-of-state controls (Group 3) are sunmarized 

in Table 8-1. 

In sUim~arizing tJ'"le 1976 data fo::- DDE, where ne~rly 50% of the 

values were reported as ~ 1 ppb, we used the maximum likelihood 

technique for rrode · g censored data (Sect. ion 14, bel~). The 

1979 data for DDE Groups 1 and 3 exhibi ted arithmetic means of 

13.1 and H.4 respectively. 'Ihese are shown in Table 8- 2 t .::> be 

similar to other DDE background value rep:.rted in the recent 

.literature. 
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TABLE 8·1. SUMMARY Of SERUM PCR AND DDE MEASlJREMt:NTS e ON STUDY AND CONTROl. POPULATIONS 

Lognormel Oistributions Nor al Dist nbutions 

log log Geometric 
N x s Mean x s 

(pp~') (ppb) 

Stutly Popu/Qtinn (Gwup I) 

Aroclor 124~ 

1976 184 2.18" 0.50 150" 283" 386 
1979 172 2.44 0.48 276 458 486 

Aroclor 1254 

1976 184 0.92" 0.40 8" 12.5" 12.9 
1979 172 i .76 0.46 58 100 122 

Aroclor 1260 

1979 144 1.53 0.44 34 56 64 

P·P DOE 

1976 166 < 0.24" < 1.8" < 2.·;· /- 1979 172 1.00 0.34 10 I~ I 10.6 

Control (Group J) 

Aroclor 1:42 

1976 18 i .06" 0.07 11.4" 11 .5" 1.9 
1979 18 0.83 0.2 1 6.7 7.6 4.6 

A roc lor 12 54 

1976 18 0.25" 0.15 1.8" 1.9" 0.7 
1979 18 1.13 0.23 13 .4 15 .5 9.9 

Aroclor 1260 

1979 18 0.97 0.29 9.2 I ~ . 1 11.9 

r·r DOE 

1976 16 < 0.19" < I .5" <I .6" 

1979 18 1.03 0.37 10.8 14 ,4 10.0 

"The llnlllyst h11s rc..:ommenLicd thut we disrc~urd these d11111 
until the source of the error in the 1976 Arodor 1254 
and ODE da111 hilS been identified . 
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TABLE 8-l REPORTI::D p,p'-DDE LEVELS IN HUMAN BLOOD 

Doguchi & Fukano \1975) 

Cu rley & Kimbr11ugh (1969) 

Dale.~~ 111. (1966) 

Wolff . .: t 111. ( 1978) 

Morgan. et al. ( 1972 ) 

This Study ( 1979) 

\ . . 

E·P'· DDE. EEb 
(Arithmetic Means) 

11.2 ± 4.5 

13 .0 :t 1.5 

11.4 ± 2.1 

25.7 ± 4.3 

19 .8 ± 4.1 

12.9 % 11 .9 

11 .4 ± 7.4 

21.4 .:t 18 .1 

87 (50 . 145) 

13 . 1 ± 10.6 

14 .4 ± 10.0 

N 

14 Whole Bluod 

10 Phtsma, fem11lt:s 

10 Mal,es. whole blood. no occp. exp. 

10 Plasm <! 

10 Serum 

524 D11iry f11rmers (M ichigKn) serum 

55 Farmers (Wisconsin) serum 

56 Chemical workers (Michigan) serum 

10 Pesticide workers, plasma 

170 Capacitor wo~kers (Upstate, NY) serum 

18 Officer workers (Connecticut) seru m 

76 

-

( ,. (' 79 . . ) . 



The distributions of the 1979 serum PCB lf~vels. ~ ::t,;,i, · various S\,b-

populations were also examined. Small, statistically insignificant 

differences in geometric mean values were found between the two plants, 

with slightly higher levels at Hudson Falls than at F't. Edward 

( roclor 1242, 311 vs. 253 ppb; Aroclor 1254, 98 vs 42 ppb.) Females 

had slightly higher serum values than males, as expected because of 

their longer average service tLmes and their participation in highly 

exposed jobs. Salaried ad:ninistrative personnel generally had ser•lm PCB 

levels in the lower deciles. The mean levels in t,he various em-

ployee subpop u lations defined in Section 5 are listed in Table 8-4. 

This Table shows that 1979 serum ~roclor 1242 levels were sig-

nifantly above background levels for all worker groups iTJ the plants, 

~including those employed since discontin ce of PCB use in 1977. 

Those assigned to study group l (direct exposure in 1976) subgroups 

L and M (low and medium exposure) proved to be statisticall~ in-

distinguishable from each other, and hence were lumped together. The 

geometric mean levels for plant employees with no direct exposure, 

.,... i th low to med i urn direct e>:posure, and with heavy c1i rect exposure wex:·e 

~0.4, 179, and 676 ppb, respectively, corresponding to 7.5, 25.7, and 

101 ~imes the levels in the controls. 

The 1979 serum Aroclor 1260 lP.vels were abov e background in the 

directly e,;posed groups, again with significant differences between 

those having low-medium vs . high exposures, but not significantly above 

background in the employe e s with only indirect exposu '7 e or those em-

p loyed since 1977. (Tab l e 8-4) This may indicate that uptake of the 

~ mo r e highly chlorinated (and hence much less volatile) Aroclor~ re

guires direct physical contact. 
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TABLE 8-4 197~ SERUM PCB LEVELS OF VARIOUS 
HUDSON FALLS-FT. EDWARD WORKER GROUPS 

b--.~~ ......... 1242 
ln·rlono kMI.U 

(irut.~r Srrvu;c N '" No. j rrb Yrs Bock around 

No E•I'O<urc l b 7 0 II 
(Non·rlanl 

L"Onlloll 

Emrlo)·cd, nol 4 ~0 . 4 23.6 I. 

O.:cup. Eapoud' 

Lo• f.&pmuoc' I 17Q lbJ 102 

• Cont inuou' at ILl 
lOne I'Cii!'hcry 

• Short. triCJulor 11141 
h ilh Cli'OlUIC 

Eo I'Oltd Pop I )69 16 . ~ 147 
Mc"n"' - ·--· - ··---- r----- ----- -· 
llo•h Earw>•urc' I h7~ 170 ·~ 
• Lnnliru.mu$ '" 11141 

rapos\ltt 1nnc 
- ·---- -- --------
•ASJJumt, t.'on li nuou" cmrlnymc:nt 1n C'l,..~tl Jllh"' 

Em~loycd ''"'"t PCB 
B.n . Wor&1 on 
tfU1111C.a•• 

121.) 

'"Avtl•ft OICI oir ltvcl (1/71 · 12/10)- n .) jol~ i m) 

16 

Arudur 111>0 -
ln -Pionl W.tiHt 

(;114 Scrwh:c N ,, , 

l'l'b Yn H.u • •"•n•nd .. 
1.0 9 .) 0 I~ 

UJ II.J 2H IW 

2S . 7 26 16.6 16 

)9 .) )) 16.1 Ill 

101 S9 174 )7 

7 .I 16 1.0 

78 

Nc1 AC'Cumul11ion 
Role (ppb/yr) 

(Ov•r &oc&around l 

Aro 1242 Aro 121>0 

1.0 0 0 

1.0 ... ~ 0 

2.6 10.6 0.96 

) . ) IS .9 1.)7 

).9 )9 4 ) .12 

10.1 0 
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9. Calculations of the PCR Body Burdan 

In this Section we shall describe and explain a method for 

calculating the total body burden of PCBs, using only the sorts 

of data already described. This method is based on the assertions 

that: (a) th~ concentration~ of PCBs in adipose tissue fa~ can 

be calculated from data on serum PCBs and serum lipids; (b) the 

total mass of fat in the body can be estimated from body weight 

and age, using the empirical relations given by Moore; and (c) the 

total mass of PCB in the body may b~ calculated as the product of 

the PCB concentration in :he fat multiplied by the total mass -of 

fat present. These assertions will be discussed in turn. 

A. Distribution of PCBs Between Blood and Adipose Tissue 

Virtually all of the PCBS and v~her non-polar halogenated 

hydrocarbons present in the body are found to be localized in adi

pose tissue. When various organs are examined individually, the 

chloroci rbon concentrations are found to be quite closely propor

tional to their lipid contentL, except in the case of brain tissue, 

which is predominantly phospholipid. It has been found, however, 

that this di~CH!pancy may be removed and the correlation between 

chlorinated hydrocarbon levels and lipid contents of various organs, 

including the blood, be further improv if the lipid content h~ 

r!xpressed as "extractable lipid' {which includes the weakly polar 

triglycerides, cholesterol, etc. but not the strongly pol~r phospho

lipids). The "extractable lipid" contents of various adipose tissue~ 
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examined curing the course of chlorinated y drocarbo n distribution 

studies were 74!_17 percent ( 1). Sud• correlations have led to the 

con~lusion that these chlorinated hydrocarbons, which are character-

istically water-insoluble, lipid-sc luble species are primarily 

localizen in the non-polar (non-structural) lipid domains of adipose 

tissue, and at leas~ in equilibrated individua . are to be found at 

equal levels in all such lipid domains. This .onclusion has led, ~n 

turn, to the practice of expressing the results of anLlyses cf 

adipose tissue for species such as PCB's in tern1s of pp'l1 relative to 

extractable fat, rather than relative to total tissue weight. 

Within the blood its 1 f considerable evidence ind i cates that 

PCB-like species are carrieo ay the serum lipoprot€ins within their 

non-polar (lipid) domains (2). They are probably not carried by 

the ~hort-lived chylomicrons, as evidenced by studies on p,p'-~DE 

by Morgan et al (3). Only 3-5 percent of the radioactivity following 

labelle~ PCB injection in rats is a s s ociated with thP ~ ed cell (4) 

1. Morgan, D.P., and C.C. Roan. 
in Human Tissues, Arch. Environ. 

Chlorinated Hydrocarbon PesticidP.s 
He a 1 th 2 0 : 4 5 2- 4 5 7 ( 19 7 r ' 

2. Skalsky, H.L., Fariss, M.W., Blanke, R.V. and P.S. Guzelian. 
The role of plasma proteins in the transport and distribution of 
chlorecone (KeponeR) anJ other polyhalog~nated hydrr~arbons. 
Ann. N.Y. Acad. Sci. 320: 231-237, 1979 . 

3. Morgan, D.P., Roan, C. C. and E.H. Paschal. Transport of DDT, 
DDE and Dieldrin in human blood. Bull. Environ. Con~am. Toxicol. 
8: 321-326, 1972. 

4. PCB Poisoning and Pollution. Ed . K. Higuchl. Acarernic Press, 
New York 1946. 
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anu suc..:h activity could Ill: due to t serum still adherent to the 

~ashcd cells (1). Thus, for chylom i c ~ ?n-free blood (tuken from ~ 

fasting individual) we should expect the PCB level in the lipid 

·_mains uf the serum lipoprotein molecules to be equal o that in 

e lipid domains of the adipose tissue, and hence the PCB distribu-

tion between adi~ tissue fat and serum to be determined by t he 

concentration of the appropriate lipid domains in the serum. 

The reported ad : pose tissue fat vs serum distribution coefficients 

for halogen~tc hydrocarbon~ all seem to cluster near 300. The 

data of Karppanen and Kolho (5~ for PCB in Finnish capacitor workers 

averaged 312; for PBB La11drigan et al (6) calculated 362 . 8; ior 

p ,p'-DDE a value of 209 has been found (l). 

Wolf f et al (7) investigated adipes~ tissue-serum partition 

for various PC B isomers. The lowest partition was f ou nd for the 

2, 5- chlorine substitutions ( <100). PCB ~on g eners wi h 3,4-br2,3,4-) 

c hlorine substitutions on one or both biphenyl rings or with 2,4-

(· r 2, 3 ,4-) s u ,.; t,i c.. utions on the opposing ring had par t itions from 

10 0 -190. Pa r titions s a t e r than 2 ( I were found f or conge ne rs w.i th 

S . Knrp <l ncn, E . anrJ J. . K . 'T h e concentr.:s t i on of PCB :in humnn 
bl ood . , ,di ose tis s ue in t. 1.1. r: · fferent resea .( ch groups. I n 
PCB C o r,~ . . e nc e II, Stoc l:ho m , 972. Na t. Swedish Environ. Protl;!ction 
Bo iHC Pub . 1973: 4E : 2 4-128. 

6 . Landr i g a n, P . J., W.i.lcox, Jr., w.~ I 

s t dy 0 f Mi chiga r. residents exposed ·_,, 
e pidemi v 1 ~· ?1 c c;. , ~ ~ i m111llnologl c find j .•.1.r .. 
3 2 o.: 2 8 4 - :2 9 4 , 19 7 9 . 

.:> i l v a , J r . , J . e t a 1. Cohort 
· • . ~mi nated biphenyls: 
. ,u ' Ann. N.Y. Acad. Sci. 

7 1-Jo lff, I , S ., Fischbein, A., Rose nrt r ... , w: . . Selikoff . 
wi th vary i ng expo
~.~ 81. Abstract 

Comp a rison o poly ch lorinated r J idu es · :unH 1 
s u re s . l82 nd Annua ·M€'eting ACS, New Yo k , ug. 

gs 170- :.71. 
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2,4- (or 2,3,4-) chlorine on both rings or 1n 2 compounds with 4-

substitution on one ring. The low partition coefficients found 

for the 2, 5-substi tuted and ~rtain other isarers 'Were attributed 

to the very rapid meta.l::x..llism \)f these isarcrs in the liver, leading 

to incoTTplete eq· .libration with the fatty tissue. For the majority 

of the isomers present in the capacitor workerr: bcdies, the adipose 

tissue/se :t.-um ratios were at.ove 200, again corresp:::>nding to about 

3C ' in adirose tissue fat/senim ratio. 

The individual data pc:>ints used in determining PCB distribut. i..on 

coefficients are .:> hewn in Figure 9-l. The data fran \·~olff (to be 

published) YP-re determined by ~apillary gas chromatography; they 

are plo t using closed circles for. lr-PCB b 'il open circles for 

H-?CB. TI1e data of Karpparren and Kolho (5) are the r.olid sguares. 

Two data pcints due to Inoue (triangles) were tako::n fran Wnsse rman's 

tables ( 8 \. 

Figure 9.1 pr'=sents t.he entire da•.a on log-log coord~nates , 

bu t V..Olff found that her own data were better described by t.h~ 

linear regress ions 

H-PCB: Adipos~ PCB= 2.37 + 0.192 Pla;ma ?CB (r=0 .7 0; n=26) 

L-PCB : .r...dipose PCB= 6 . 3 + 0.183 Plasma PCB (r-0.98; n=25) 

8 . Wasserman, 11., Wasserman, D. Cuoo:; S., and J, H. Miller . \'<lrld 
PCB l•lap· Storage and effects in man nd hi.s iolog ical environment 
in the 1970s. Ann. N.Y . Acad. Sci. 320: 69-124 , 197'3. 
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In F .igure 9-1 all the data are for individual cases. The use 

data produ~ spurious relations 

bec~u~e of serious skewing of the distributions. 

Now, if l~s be distributed equally throughout the available 

l i pid px>ls of the body, then at equilibrium: 

Serum PC'Bs Adieose Tissue PC'Bs 
Adipose Tlssue Dilutable-Lipid Serum D1lutable Lipin 

where the term "dilutable lipid" has be€n used to designate t.'"te 

mass of t.he lipid danain available for dilution by FCB (e.g. ur'llil 

the pCB has n:!ached the Sa.Ti'P- conccntr-.-. tio:ls in al.1 such dcm1ins). 

In Figu~-e 9-2 the data of Figure 9-1 are usee to ce~lculat~ 

this "serum dil ut.able hpid" (which turns .JUt. t.u be numerically 

E~u.:\1 to the reciprocal of the partit ion l:oeff ici c nt previously 

discussed) for each individual dnta pair. The mean valu f ound 

was 297 n~ms/100 9r.am3. The regr~ss ion cut~e with 95 percent 

confj den~e limits is also ·shown. The slope of the regr~ssion i s 

not significantly dif fere nt from zero , indic::ating the appa'[";.nt. 

s) ze of the serum dilut.:Lble lipicl phase t o be indepencie nt of t h 

le vel of PCB present . 

In order to dete rmine ho.·• the leve .l:..; of this serum pCP,.-dilutable 

lipid might compare wi th those of the rrore L..'Onventional senDTl lipi-.1 

meas u:r.~me n ts we e amined the various lipid levels in each of our 

popu la tic:~ ot 194 clirectly-f:xpos j r:ap..3ci t or workers , and a l so the 

dep€rdence of such lipid l eve ls en ti1e meas u·re of PCB acti vity (i.e. , 

ch ·m ical potential ) that would be provide<l by the atio of the seru.m 
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PCB level to t~at of at particular lipid. The results are show~ in 

Figure 9-3. It was apparent that there were no significant trends 

with respect to the more plausible measures of PCB activity, and 

hence that the overaU. average lipid levPls could be takf:m as meaning-

f 1, PCB-indrpend~nt parameters. ~hese overall mean levels (all in 

mg/100 n,l) were 573 for total serum lipids, 350 for the sum of serum 

cholesterol plus serum triglyceride when cases of hyperlipidemia 

were included,or 318 when they werE! omitted, 219 for serum chole

sterol, and 131 for serum triglycex:ides. Quite obviously, the sum of 

sen ~m t:- ig ly cer ide p 1 us cholesterol ( 318 mg I 10 0 ml) provided the 

best empirical measure of t~e average size of the PCB-dilutable lipid 

mic rophase. (297 mg/100 ml). This is as 'vJOUlc be expected on chemical 

g rounds, sin~e it is known that the triglycerides, cholesterol, and 

chol~s . erol esters (reported together as " cholesterol" in the analysis) 

o re present as an essentially liquid microphase ' n the micelle-like 

l ipoprotei ns , wher e as the other co~stituents of "tota l serum lipid," 

u ch as the free fatty acids and the phospholipids , are present in 

more hL ghly organized structu res that woula be 1 ss likely to accom

moda the bulky PCB molec ul es . 

Having concluded that the sum of serum trig l y r ride plus serum 

chole s e ol pr. ~s •nts an empirical measu ~ e of erum PCB-dilutable 

lip i d, we can u5e this quant ity , p lus the measured serum PCB level , 

o ca lcula e he adi o se tissu fa PCB level according to the above 

quation fo any individual on whom we have data on serum trj1lycerid 

c ho l s e o l , a~d ?CBs. Fig. 9-4 shows the celculllte:d adipos e ti. · . ue 
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Figure 9-4. Distributions of Calculated Adipose Tisaue Fat PCB Levels 
in Directly-Exposed Capacitor Workers (Study Ccoup 2) 
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fat PCB levels thus calcul ted fo r our S t udy Group l plo tte d on cumu

lative percentage coordinates. Th e data were found to be log no~nally 

distributed wi h a g e o me tric mean of 74 ppm, and a range ~f values 

(5th to 95th percentile) of 14.4 to 379 ppm. 

Discussion 

To a f ir s approximation, the correlation of the "serum PCB

dilut~ble pi d b" with the sum of the triglycerides plus cholesterol 

is bioche cally plausible, and cons is te r~ t with the fact that brain 

tissue (mostly organized phospholipid)does not pick up chlorinated 

hydro~a rbons t he wa ; ' adi p ose tissue does (1). We suspect, ~hough 

that a more precise measure cf the ''serum PCB-dilutable lip~ds" 

would probably consist of some sum such as triglycerides + x cho-

e lesterol + 'i_ ph0Spholipid where ~migh t T10t be exactly : . . 0 and 'i_ 

might not be exactly 0.0. In order to define the parameters ~ and 'i. 

it would be necessar~ tc have data of t i s sue fat PCBs, serum PCBS, 

serum triglycE!:rides, serum cholec;ter o l, and serum phospholipids on a 

l a rge numb~r of individuals, and then perform b multiple regression 

analysis. It is unlikely, however, that th~ resuJting refinements in 

the calcula t ion of tissue fat Pen levels fron serum PCB levels would 

re~ ve more tha n a small fractl n of the imp r ecision contributed by 

the latter data. For the mo~ · ~t , we have ~n emp i~ ical ~e thod for 

c lcula ~i ng adipose tissue fa\ PCB levels th . t can be shown to give 

the right result~ on the average, and ha e no basis for believing 

that i t should g ~ ve seriously in3ccurate results for any indiv i du~l 

whe r e here has bt~ e ~ adeCJua time for equilibration o tne PCD body 

burd e;1 amo ng the various 1 ' tnpartmen ts. 

89 

000092 



We should also point out that since PCB is pr e dominantly carried 

wi thi n liguid lipid microphases in the body, the only meaningful 

me a s ure of its potential for chemical and pharmacological activity is 

1t c o n:entration in such phases, not that in either the serum, indi -

viduaJ tissues, or body a3 a whole. Thus, the calculation of tissue 

f at PCB levels provi~e£ us with a parameter that can be used not only 

i~ calculations of total body burden, but also in studies of the cor-

~elations between body PCBs and observable medical phenomena. 

B. Calculation of Total Body Fat 

The study of body composi t io n , in parti cular the nteasuremen t of 

total b ody f at, has employed a wide variety of approaches. These 

include cadaver analysis, d~termina t i ons of tody density, those of 

total body water, combined density and budy wa~er det r minations, 

a s orption of nontr:)x·c fat-solub l e gase s , whole body counting of 

ra d ioisotopic potassiwn (K
40 l, measur e me nt of multiple parameters by 

~ ~ lution t chnigues, measurem of subcutaneou s fat by roentgeno-

graphy. and caliper mel:ls ureme nts of ski.nfold thir.kner; s. Because most 

of the methods considered best are t c hnically complicated, a nd demand 

90 

skilled personnel and eguipment o n l y available in sp~c ial laborator i es , 

they a:-e not suit r.. ble for public hea1 th studies d e aling .,.,,ith lar ge 

groups of people . For this reasor much at t ent io n has b e en devoted to 

~he development of kinfold thi c kness measurements , wh ich have r -

sulted in an extensive literature (9,10 ,11,1 2). 

9 . Gran de, F. As sess ment of Body Fat in Man . In Obesity i~ 
Per p c tive. Proceedings of the Conference . E 1. G.A. Gray et al. 
U. S . Pr inting Off i ce. Stoc k No. 017 -0 5 3-0 0046-9, pg. 189-20 3 . 

• 
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In our study skinfold thickness was not measured. In order to 

c alcula t e body fat we have used the empirical equation rteveloped by 

Moore et a l (13) based upon total body water (TBW) rneasur~ments. 

These relations are as follows: 

Males: 

Fem~les : 

TBW 
- X 100 c 79.45- 0.24 (B.Wt . ) - 0 . 15 (Age) B.Wt 

TBW X 100 -= 
B.Wt ' 9 " 81 - 0.~6 (B.Wt.)- 0.12 (Age) 

where body weight is in kg. and age is in years. 

For the well - hydrated sub j ect the fat-free body we jght (FFB) i s 

FFB "' TBW 
0.732 

based on the a ssUJnptions that fat is anhydrous and that the le~. n body 

is 73.2 percen t water. 

Body fat (kgs) is giv e n by: 

Fat = B.Wt FFB 

A basic premise of the ca l culat i o n of body i at by this method i s 

th e assump ti on of dequate hydration in the ind .i.. vidua l . Sodiuin, 

Keys, A. an d Broze ' : , J. Bod y f at i n man. Phys. Rev. 33: 
2 '1 L-32 5, 1953. 

l l. S teinkamp, R.C., Cohen, N.L., Siri, \'l.E. et al.. Measurements of 
body f .:: t and relatt!d fectors i n normal a ~~ults. I. Introduction and 
Metho dolo gy. J. Chr o n. Dis. ~ : 1279-1289, 1965 . 

: .. 1 i d. I I. A simrle clinica l me thod to estimate body fat and 
J . Chron. Dis.,!!: 1291- 1 307, 1965. 

A 13. r-.oore , F . D., Olt!sen, K. H., McMur r ay, J.D. et l'll. 'r h e Bod~ Cell 
W Mass a nd i ts SU£,E::_.J r tin9 Envi r onment. W.B. Saunde r s Cn., Phila e!Pr1Ta, 

19 6 3 . 
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potassium and chloride levels in our subjects were generally within 

normal limits. Serum osmolality was calculated using the relation 

( 14) : 

2(Serum (Na) + (K])+ [BUN] 
-2~ 

+ [Glucose) 
18 

The mean value was 294.2 mOsm/kg water,which is within normal limits. 

A plot of osmolality vs. serum Na concentration (mean 139.5 mEg/liter) 

is shown in Figure 9.5. 

Siri (15) has described the analytical errors applicable to this 

calculation of body fat. (+ 3.6 percent of total body weight) The 

total body water results of Moore et a l. indicate 95 percent confidence 

limits as ~ 15 percent of the mean. Moore et aL point out that a 

linear regression bPtween body weight and body fat underestimates fat 

at both low and high body weights. The parabolic expr ession given 

above satisfies the r~quirement that fat be present even at very low 

body weights (unlike linear regression which has a negative body fat 

intercept) and that fat increases disproportionally rapidly with in-

creasing body weight, wh ~ ch conforms with clinical experi e nce. 

Figure 9-6 sh ows body fat in ou r population s a percent of b o dy 

weight on cumulative percentage coordinates. The mean value is near 

28 percent with a .range of 19 to 38 (5th a11d 95th percentiles). The 

r.1ean is near Moore's i!onnal range for the averag e body weig h t an r.l ag e 

of our population. 

14 . Merck Manual, 13th Ed., March & Co., Ra hway, N. J. 1977, p. 1184. 
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r a comparison of various methods with his procedure, 

Ste!nkamp et al (11,12) found significant correl~tion coefficients 

which varied between 0.707 and 0.956 in the five subject groups 

studied. The Moore method compared favorably with other procedures 

based on anthropometry. 

c. Calculation of PCB Body Burdens 

Knowing that virtually all the PCB in the body is sequestered 

in fatty tissue, and having developed procedures for calculating 

both the ratio of PCB to fat in such ti'!;sues and also the total amou1.t 

of fat in the body, we have only to multiply the last two of these 

parameters to determine the total amount of PCB in the body. This 

can conveniently be done from the primary oata using the equation: 

PCB Body Burden (grams) m Serum PCB(plb) X B.wt(kgs) x 0.1024 
Serum tri + cho ( mgms ) 

160 ml 

The factor 0.1024 corrt:!cts the serum lipids to grams/gram and the 

other units to grams. 

Figure 9.7 shows the range of body burdens for the lower homologs 

(as Aroclor 1242) ir the stu~y population for 1379. The data were 

found to be lognormally d ia ~ributed with a geom~tric m~an of 1.~3 

grams and 5th and 95th percentiles at 0.26 and 9.1 grams. The highest 

value was 22 grams, the lowest near 0.04 grams. The geornetric mean 

for the higher homologs (as Aroclor 1260) wes 0.02 grams ~nd ranged 

between G.004 and 0.13 grams. In contrast the mean body burden in the 

control population (Groop 4) was 40 rrgms fer Aroclc.c 1242 aro 55 rrgms for 

Aroclor 1260. 
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Discussion 

Assuming equilibration of the PCB in the body, there are still 

four known sources of error in the calculation of PCB bJdy b.rrden 

described here. In decreasing order of estimated importance, these 

are: 

(l) Amb i guity in absolute amount of lower PCBs corresponding 

to ti)a t analytically reported a~ serum "Aroclor 1242." There is a 

smaller ambiguity in the absolute amount of higher PCB's corre

sponding to "Aro':lor 1260." 

(2). Imprecision in individ~al measurements of serum A~oclor 

1242, 1254, or 1260. 

(3) Inaccura~y in the estimates of total body fat by the Moore 

equation. 

(4 ) Inaccuracy ln the estimate of serum PCB-dllutable lipid 

as the sum of serum triglyceride and serum cholesterol. 

The importance of error sources (3) and (4) is b~lieve~ to ha 

small in relation to (1) ar.d (2), as already indicated. Source (2), 

' I 

of course, is of major c Jnc~rn in the appraisal of single measurements, 

but not in that of multiple me~surements ar gro~~ averages. Source 

(1), th~ ambiguity resulting from the comparison of a few peak heights 

in gas chromatograms of partially metabolized PCBs with ti1ose in 

urunetabol .itcd standards, has not been resolved at this time. 

It is oor present opinion, though, that the values of lower PCB tx:rly b.lrdens 

cal · l.a ted fran our available 'Aroc lor 124 2 data, arrl ref..Orted in Figure 9-7, 

000100 



represent upper limits on the quantities of lower PCBS actually 

present as body burdens i n 1979, but lower limits on the total quanti-

ties taken up during the preceding periods of exposure. Conversely, 

we suspect that the ''Aroclor 1260" levels may somewhat understate the 

actual burdens of highP.~ PCBs . 

Even with such caveats as to the certainty of the data, they 

contrast strikingly with the estimates of PCB body burdens and uptakes 

rep0rted by the Japanese investigators of the 1968 Yusho episode 

(poisoning by a PCB-PCDF-PCQ mixture, which we estimate to have con

tained 43·-50\ of undegraded Ranechlor 400 type PCB). They estimated 

that the minimum uptake reguired for th~ p r oduction of toxic sym~toms 

was 0.5 grams of the mixture, corre sponding to 0.22-0.25 g. of the 

98 

PCB itself, and that the average victim had ingested 2.0 g. of the ~ 

mixture, corresponding to 0.88-1.0 g. of PCB. Scattered cdipose 

tissue fat PCB data obtained from the victims during the first year 

after ing~stion indicated levels of 13 to 76 ppm (~', corresponding 

to body burdens of 0.15 to 0.85 g . (The total body fat in t he Japanese 

Yusho p~pulation aver~ged about ll kg, or 20\ o{ body weight; i.e., 

approximately one-half that calculated for our worker population). 

Blood PCB levels takeJI five years after ingestion indicated the body 

burden to be in the background range (about 0.03 g.) In short, it 

would appear that the average cap~citor worker in our group had taken 

up at least twice as much PCB as the average Japanese Yusho victim, and 

in 1979 was carrying a body burden that might have been up to SO 

times as much as that being carried by the Yusho victims 5 years 

after exposure. 
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10. ~ ; elation of PCB Uptake to Exposure 

At present, we have no definitive inform~tion on the relation-

ships between occupational exposure and PCB uptake, but we do have 

several types of preliminary data indicative of the ultimate forms 

that such relationships may assume. These will be presented in turn. 

In Table 10-J.. we show again the serum PCB level~ for our diffe r-

ent study gLo~ps and call attention to the uptake estimates. These 

have been calculated in t\.•o ways: as the ratio of the observed ~erum 

geometric mean to the backc:1round (control) leve 1 and as the net accurnu-

lation (ppb/yr). 

In Table 10-2 the serum Aroclor 1242 levels obtained in 1979 

for 121 employees are correlated with job exposure in 1975 as mea~ured 

4lt by area air lev~ls at the time of PCB use in manufactur~ng. During 

the 1975 perio~ 3rea air levals of Aroclor 1242 in the workplace 

varied from 200 to 2000 ~g;m 3 with a geometric mea~ near 700 wg;m 3
• 

A substantial period ~laps~d between air an~ serum measurements, which 

include~ the PCB ban, b~t the high body burde~s. the potential for 

continued uptake from residual PCBs and the apparent general re 

tention of significant serum levels (as measured in 1979) allow some 

preliminary onalysis. 

N•t uptakes for the job categorie5 in Table 10-l w~re estimated 

as the ratios of the s~r~ru geometric means to the air levels. For 

maintenance ~en, whose jobs involve a ~ l areas of the plant, the geo-

m&tric mean of all area air 56mples for the individual plants was 

~se~. For maintenance apprenti~es and movemen, the area sample taken 
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TABLE 10. 1. Serum PCB Levels of Various Work~r Groups 

No Ea~urc 
(NOII·~III 

-uoll 
f.m Pior1111, IIC I 
()oocyp Ea-cl" 

L,o. Eapoa11rt. " 

• 
• 
E.a-d Pop . 
loCun• 

H.., Eaposu"' 

• 

f.t .,ploycd ainCIC 1'0 
a.n Worka In 
UUI aru•• 

Orour-
No 

Conti11110111 AI 
~o11t pcnphcry 
Shon. lrrq11lar 
hifll CIJIOIIIIC 

Caruin11oua in 
Upollllt IDtlt 

Aroclol 1142 
ID·Pianl 

OM SetWc N .. ., Vn 
) '·' 
4 S04 ll .6 

I "' 16.) 
(Ll 
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I ,., 16.5 

I '" 17.0 
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21 .3 16 

''Avtrqc aru air lc--el (1171 · ll/10)- SU ,..vm 3 
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~.llo In-Plant lhllo 
10 OM !.rr"ic.t N 10 

1Aclaro11od IIPb Yn latkJIODDd 

II 1.0 9.2 0 II 

II '" IU H.6 " 
102 15.1 26 16.6 16 

147 )9.2 )) 16.1 ll~ 

45 101 59 11.4 ~1 

.. 1.0 

I 

I 

100 

Nc1 Aa:umula1i011 
J.aiC (nlbl,r) 

IOwr kcqrouod) 

""' 1242 Aro ll60 

1.0 0 0 

1.0 I.U (\ 

2.6 10.6 0.96 
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TABLE 1(1. 2. Relatiol: Qf Area Air Aroclor lj 42 Le vels t.o 
Serum 1242 Levels for V~rious Job Categori~s 

1979 1975 
Serum LPCB Area Air LPCB Serum LPCB 
N GM, N GM Air LPCB 

ppb lJgjrn3 

Large Capacitor 
Salvage 6, Repair 12 499 4 843 0.59 
Filling 6 708 7 $68 1. 25 
Mai ntenance 31 252 11 655 0.38 

Small Capacitor 
Solder & Crimp 6 1176 4 850 1. 38 
Carrousel Oper. 9 447 9 81 .) 0.55 
Group Leaders 11 207 15 761 0.27 
SalvaCje & RP.pair 3 191 2 569 0. 34 
Maintenance 12 417 15 761 0.55 
Maint. Appr. 5 237 1 408 0.58 
Movemen 3 175 1 408 0.43 
QC t Test 23 314 2 569 0.55 
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in the middle of the treatment area was used. The air v~lues for 

salvage and repair and qu~ lity control ~nd t~st were tak~n as the 

same. 

Calculated total uptakes varied from 0.27 to 0.59 ppb per 1Jg/w1 

in the area except for two job categories, l~rge capacitor filling 

and soldering and crimping , where they were 1.25-1.38. If the aver-

3 age net uptakes for all ~ther job c~tegories (0.47 ppb per area ~g/m ) 

be considered primarily t : ~piratory, the elevated uptaLes in these 

cwo jobs can probably be related to dermal contact. 

In Section 3 it was not"!d that personal air samples were ap-

proximately 50 percent of the area air values. This correlation 

suggests that for respir~tory e~po~ur~ the ratio of serum to personal 
3 air value is near 1 ppb/~£/m . In terms of net body burden this 

3 . 
would transl~te to 4-6 mgms/~g/rn or (assuming the average expoour~ 

time to be roughly 10 years) about 0.5 mgm/~g;m3/year. 

In order to examine the generality an~ precision of this corr~-

lation, in Figure 10-1 we have plotted as solid circles the eleva

tion~ in serum Aroclor 1242 above background for our directly 6Xposed 

worker subpopulations: as squar~5, the correspon~ing elevations in 

serum L-PCB observed at the same plant by the Ht . Sinai team 

(unpublished data kindly made available by M.S. Wolff): and ae hexa

gons, those in L-PCB observed at a differ~nt p ~ ant by a NlOSH team 

{unpublia~e~ data from a d:raft report by A.B. Smith) " !r. ~ll easel! ,, 

the air levels Are given in terms of personal TWAs. The box 
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FigurP 10-1. Increments over Background in Ser~m A ~oclor 1242 as 
a Function of Personal PCB Air Level~ for Three Capacitor Worker 
Groups. 
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encloses the observations made in ar~as without di~ect occupational 

exposure. 

~t is s~en that the data as a whole are distributed about a 

line o~: unit slope on t~he log-log plot, ind ' ting simt:>le proportio:t-

ality betwt'!~n the v;.1riables, and that the mean ratio is indeed 1 ppb 

serum PCB increment. for ead1 wg/m 3 in the air breathed, or again 
., 

roug~ly 0.5 mg/wq/m-/yr. However, it should be noted that the 

scatter in the data shown in Figure 10-1 is si2.e<tble, a. :·1d tl...t they 

do not provide c!ear evidence for derm • uptake~ 

In Smith's own examination of his data, he concluded that the 

dependence of log(serurn L-PCB) upon log(air L-PCB) was much smaller 

than unity as is apparent from the distribution of the h~xagons shown 

in Figure l0-1) , and that there ~~d no correlation at all b~tween 

104 

log(air L-PCB) and log(serum H-PCB). The latter p r obably resulted from 

the low level of occupational exposure to H-PCB in his population in 

relation to t..he V 1~triance in the population background. 

Turning .from the mean intensity of exposure to the mean time of 

exposure as a contributor tu res body burd <~ n, we show in F .igure 10-2 

the 1979 serum Aroclor 1242 and 1260 plotted semilogarithmically 

•gainst service time for our entire study group. The Aroclor type and 

period of predominant use are shown between the arrows. The miu

points and termini of the vertical bars indicate the geometric means 

and stan~ard deviations for 5-year groups. These 5-year geometric 

means are replotted in linear coordinates in Figure 10-3. 
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It is apparent. from Fig. 10-3 that the greatest rates of analyti

cally reported "Aroclor 1254" or "Ar:oc1or 1260" accllrnulation occurred 

back in the early 1950's, during t he ~riod of greatest Aroclor 1~5~ 

use, but t.'1at t '.1ere was 1'0CXlest accumulation into the early 1970's, 

presumably arising from thre presence of sane species rep:>rtable as 

"Aroclor 1254." or "1260" in t.he Aroclor 1242 then in predominant use, 

and .~t'orn thf: continued pre~ence 0t ~;roc1or 1254 in t he plant. Con

versely, t'1ere was seemingly no increment in subsequently observed 

accumulation of "ArocJ.or 1242" resulting fran exposure in the late 

1950's, but an accumulation that increased a.l.mosl linearly with t .'.'!'le 

over rhe 1960-1977 period of Aroclor 1242 and 1016 u!.;e. 

Discr.lssion 

Ideally , we should no·~ be a t tempting to correlate serum pCE 

lr~vels with either mean e)>..-posure levels or mean service timii::' , hut 

instead the totctl PCB bciiy burdens with t.he sums of all time-exposure 

products. At p:o:-f~sent , we a : e attempting to L' c;e the exp:>sure cate

gories of Table 10~1 to categorize all jobs into th r ee groups 

(indirect exposure only, 1~ direct exp:>sure and h ·. ·Jh direct exposure) 

and t:1en t:o deVE~lop a time line for each indiv:' dual detailing the 

nwnber of month~· worked in each exp:>sure category. Using the calcu

lated uptt.J<e rates thus determined, a projected pCB level will be 

obtained and CCf\!p!rE. : '¥ith t.he actual value foun .. In an initicol 

study with three subjects· the agreement between predicted and ob

servf'd levels appeared poor, but work is continuing. At the rrorrent, 
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we are still not certain whether the considerable scatter in the up

take data arises because of our difficulties in quantifying the past 

exposures of our subject~, or because of individual variations in 

clearanr.e rates, which would affect the observable net uptakes. A 

major reason for w·ishing to better quantify the cumulative update 

from job code history alone, is, of course, to permit better catego-

rization of the exposures of the large numbers of mostly lightly 

exposecl individuals involved , in o~oin; epidemiologiCl'l studies of 

mortality, morbidity, and pregnancy outcome in ' the Hudson Falls-

Ft. Edward employee population as a whole. 

What the available data do show, howE'ver, is that for the popu-

lation as a whelP exposures to electi'ical grade PCBs c .:1n lead to net 

accumulations of higher PCB s and at least some istuners of the lower e .. 
PCB's that car. go on for many y e ars. To a first approximation, the 

rates of accumulation are directly proportional \" ;,.-. both the PCB 

level in the environment and the time of exposure , ~ s would be ex

pected. However .• 'these rates are ta1odes t (-:a. 0. 5 mg per ~g;m3 
in 

th~ air breati1ed per }·ear}, indicating that sizeable accumulations of 

erwironmental PCBS are not to be expected except in persons having 

prol6nged direc t exposure, such as the capacitor workers involved in 

the present investig~tion. 

000111 

e . 



109 

"11. pCB Claarance 

• 

The present study has provided four observations from which order-

of-magnitude estimates of PCB clearance rates in PCB-exposed capacitor 

workers may be mad~. 

First, it is evident from Figure 10-3, that ~xposur~to Aroclor 

1254 that occurred 30 years before the time of measurement were still 

clearly recognizable as incremental contributions to the total levels 

of "Aroclor 1254" or "Aroclor 1260" measured in 1979. From this, it 

would appear that the clearance rate for the higher PCB h,..-. , ,_ogs in 

this population must be ~s% per year. 

SecondJ Figure 10-3 also shows that those individul ·s first em-

ployed in the 1960's, during the period of Aroclor ~~~ exhibited 

levels of PCB measured as "Aroclor 1260" that were abc . t 10% those 

reported as "Aroclor 1242," despite the facts that Ar oclor 1242 itself 

contains only 5\ of species reportabl~ as "Aroclor l26DJ" and that 

additional exposure to Aroc1or 1016 , vhich contains no "Aroclor 1260" 

homologs, occurred in the 1970's , The simr l est interpretation of this 

observation is that about half of the "Aroclor 1242" (as measured 

relat:ve to 1260) had disappeared over the preceding 10-year period, 

meaning that, for those isomers used in determining "Aroclor 1242," the 
'\, 

clearance rate was ""5\ per year greater than that for "Aroclor 1260." 

Third, limited · 1980 data on heavily exposed individuals (Group 2) who 

were included in the 1979 exnminatic .1 showed an average 1979-80 decline 

of 7\ in those isomera used for reporting "Aroclor 1242." 

This numbe~ is too far within the limits of experimental 
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error to have much significance. (Use of comparisons between our 

1976 and 1979 data to indicate clearance rates is precluded by the 

calibration error in the 1976 data for Aroclor 1254, and ·~he con-

tinued expos1Jre of the population to hroclor 1 16 during l976-77.) 

Fourth, the.general appearance of the chromatograms~ as noted 

in Section 7, was quite different in the L-PCB region from that of 

the Aroclor 1242 standard: most of the L-PCB peaks had either greatly 

diminished or disappeared completely. From this wP. may conclude that 

for some L-P~D isomers, the clearance rate may have b een >100\ per 

year. 

More precise estimates of clearance rates for the various PCB 

isomers will not be possib:e unt~ l the 1979 chromatograms of the most 

recently employed persons have been examined on an isomer-by-isomer 

basis to determine disappearance rates of the more rapidly cleared 

isomers, and additional data is collecte~ over the 1982-1990 period 

to quantitate changes in the mure slower changing species. However, 

even the rough, order-of-magnitude estimates now available contrast 

sharply with some of those reported in the literature. 

The best ava i lable data on lower PCB clearance rates in animals 

is that of Wood at Monsanto (1). rtats were fed diets containing 

LS ppm ~f either Aroclor 1242 or 1016 for 30 days. During exposure 

and tecovery periods sets of ~ rats were sacrificed and fat ' tissue 

samples were composit~d for each set. Fat was extracted and PCBs 

determined by peak area and repcrted as ppm ~n a lipid wei g l t b as is. 

1 
Wood, D. Chlorinated biphenyl dielectrics - their utility and potential 
substitutes. Nat. Conf. on PCB's, EPA-560/6-75-004, Chicago, Ill. 
Nov. 1975, pg. 317. 
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Figur e 11-1 shows the results compared to those for a potential 

substitute (MCS 1238). We replotted data of the recovery periods 

from this Figure on semi-log paper ~.d found them to exhibit the 

kinetic character is tics of s imp·le, first order chemical reactions 

(Figure 11-2). This implies that all of the constituents of the 

Aroclor 1242 or 1016 were clearing from the rats at about the same 

ra~e, and that this rate could be characterized by a half-time of 

22 days. 

Returning from rat to human data, a follow-up study (2) on 

Japanese capacitor workers who had bee; exposed to Kanechlor 300 (a 

Japanes e equivalent to Aroclor 1242, but which has also been reported 

to contain several ppm of PCDF) reported the half-time for clearance 

from those worke1·s exposed less than 5 years to be only a few months, 

while that for workers exposed more than 10 years was 2-3 years. An 

obvious question is whether such "half-times" represented the times 

required for all of the PCB isomers to be come half gone, or for half 

of the isomers to become gone completely. If the latter, this report 

would not be inconsistent with our findings. 

The most striking - and most interesting - discr~pancy is that 

pr~sented by the clearance of the higher PCBS from victims of Yusho 

disease (poisoning with PCB-PCDF-PCQ mixture). ~"=attel: ed early data 

on adipose tissue PCB levels suggest that a rapid decline in PCB 

levels occurred during the first year following ingestion; by 1973 

2 
Hara, I., A. Haruda, S. Kimura, T. Endo, and K. Kamano, Follow-up study 
of condenser factory after use of P:B discontinued. Jpn. J. Ind. 
Health, 1974, 10:365-6; 1975, 17:371-392. 
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the blood PCB levels of the group as a whole were essentially back to 

Japanese backg~ound levels (3). A similar pattern appears to be 

emerging in the i nvestigations of the 1980 episode in Taiwan (4). 

These observations imply a clearance rate constant for higher PCBS 
• 

of 1-2 yr-l for Yusho victims, in contrast to the ~0.05 yr-l for the 

comparable isomers in the Hudson Falls - Ft. E~ward capacitor workers. 

Our proposed explanation for this pattern of findings is that: 

(a) the PCBS themselves may induce P450 type mixed function oxidases 

in humans, as we have already noted; (b) the PCDFs, but not the 

PCBs are effective in inducing P448 type mixed function oxidases in 

humans, such induction being clinically manifested by chloracnecnic 

sy:nptoms. (c) Hany of the lo"Wer PCBs can be degraded by P4 SO 

oxidases; thus, ~ince these lower PCBs can both induce P450s and 

be degraded by them, a ready mechanism exists for clearing such lower 

PCBS from exposed humans. (d) Many of the higher PCBs can be de-

graded by human P448 cytochromes, but not the P45~. hur.:. , since 

the PCBS do not readily induce P448s in the human, no effective mech-

~nism will exist for oxidatively degrading the higher PCBS in an indi-

vidual exposed to PCB alone. However, when a person is exposed to a 

PCB-PCDF mixture~ induction of P448 will occur, and substantial PCB 

clearance will result. In shcrt, the very slow clearance C>f PCBS in 

capacitor workers may be explicable on exactly the same basis as t he 

3. Kuratsune, M., Y. Masuda, and J. Nagayama. 
Findings C~ncerning Yusho. In: Proceedings of 
on PCB's. November 19-21, 1975, Chicago, U.S. 
tion Agency, EPA-560/6-75-004 (1976). 

Some of the Recent 
the National Conference 
Environmental Protec-

4. PCB Special Poisoning Issue, Clinical Medicine (Tapei) 2~ No. 1 
(1981). 
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absence of chloracne. This clearance pattern in ordinary, non-

lactating adult humans apparently differs in several respects from 

that in the rat, where Aroclor 1254 is well known to induce both 

P448 and P450 oxidases, and where there is very rapid and complete 

clearance of all lower isomers, but where the higher PCBS can be 

fairly persistent, despite the demonstrable induction of P448. It 

also differs from that in the lactating woman, where it has been found 

that about half of all the PCBs present, higher and lower homologs 

alike, can be secreted in undegraded form in the milk about every six 

months (5). What all this suggests is tha t most of the capacitor 

workers' PCB body burden~ are likely to remain with them the rest 

of their lives, as inert trace constituents of their fatty tissues, 

neither inducing harmful oxidase enzymes nor being affected by them. 

5. 
Yakushiji, T., Watanabe, I., Kuwabara, K . . et al. Long-term studies 
of the excretion of polychlorinated biphenyls (PCB's) through mother's 
milk of an occupation~lly exposed worker. Arch. Environm. Contam. 
Toxicol. 7: 493-504, 1978 . 
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U • C1ini::a1 Fi11dinqs 

A.a. Back&roUDsl 

lR 1975, prior to the pres~~t study, a ~e7lew was ccRducted of 

current ••dlcal recorda cover~RI a period of appr~zlmately five y~ars. 

Employee census at the time was bet•eeR 1500 and 1800. The followlR& 

intonation was obtained on employees !l.2! occup•Uor.:al J.y ezpose4 to 

PCBs. 

1. One hundred and twentr "line ( 129) ~:mployer:~ had presented 

themselves one or more times with one or ~ore of the sy.ptoms 

of di~ziness, nausea or h~ada~he f~om non-industrial causes 

such as viral aastroenteritis, nervous tension, inner ~'r 

problems, hypertension, hlfection, etc. (7 .s-.). 

2. Twenty-six (16) e~ployees bad complaints of non-work related 

eye irritations or infections such as alleraies, conjunc

tivitis, blephadtis, styu, etc. (1.6-.). 

3. Forty-eiaht (48) •~ployees reported respiratory complaints or 

diaanoses which were not work-related such as couah, 

sinusitis, rhinitis, hay fever, asthma, bronchitis, pne1111louia, 

etc. (2.9'). Two employees were removed from wcldin& f1111lcs 

because of the possibility of aaaravation. 

4. Seve~ty (70) employees prescnt ~ d with ak!D ir~ltn tiOD I order

matitis (4.2"). Sixteen (16) of theae were occupatlon•lly 

related to the followln& substances: paint, kerosene, flux, 

cuttina oils, alcohol, acetone, Fuller's earth, oaklte, Teflon 
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Delria •llllaa chips aad weld flu, , :uty-four (S4) were not 

related to the naplo)•ee' a work. l'k 'Y wt·re diaanoud as fanaal 

infectioa, eclema, ian~ct bites, abscesses, drua reactions, 

aerTes, scabies, athl ~tes' foot, pityriasis roaea, ch~~nic 

ac:ae, paorlasis, lapeti ~ '::l aud alleraic reactions tc· ,"'.osmetics, 

det.eraents, leather, paint, poi son ivy and otb;er plants. 

At the saae tiae a review of the previous 15 years' medical r~cords 

of individuals occupationally exposed to PCBs was conducted with pa~

ticnlar atteati·oa to tboae removed from PCB work due to denutoloaical 

of other complaints. 

1. Forty-nine (49) individuals presented with alleraic contact 

dermJtitis to PCBs or other constituents of the ~ompouaded 

dielectric fl~id. This contact dermatitit cleared rapidly and 

usuwlly without aedication upon removal from exposure. One of 

u~ (J .F.), the plant pbylilcian, has cever observed a case of 

chloracne ln his 16 years of experience at the plants. 

2. Sixteen (16) subjects were removed from PCB exposure in the 

15-year period because of subjective symptoms such as uausea, 

dizziness, eye and nasal irritation and shortness of breath. 

Most of the employees bad very short exposure (one day to 

3-4 weeks). There were ao physical findina~ and the aymptoma

tolOJY was attributed to odors and irritatina fumes rather 

than specific tox~c effects. Syaptomatoloay cleared on 
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J. Present Stqdy 

Ia the preteDt atudy aa history aad phyalcal ex~inn tloa waa per

termed oa 194 eaployeea. Ia addition, labor•tory data was obtained 

iacludin& chr,at x-ray, BOG . pulmonary fua~tloa, aa SMA-16 blood chemis

try p~ofile, heaatoloay aa! uriaaly~ls, as already d~acrlbed. The 

entire aroup waa e:uahed lD 1976 and aada in 1979. Ja the lDteri• 

e~ployees ~ere ae•a oa a ru t eti ~ & basia aa a part of con~lauina medical 

&urvelllance proar ... 

Physical examinatioa vas ~remarkable in these employees and no 

slaas of chloracne past or prennt was discovered. In particular, pla·

meatatiou and thickenina ef the skin, discoloration of the finaernail s 

or enlaraement of thr Meibu. ~ an alands were not note~. 

Data from the medical hiatories haa not yet been examined in d~tail 

beyond si~ple tabulotion. Findinas are s~ari~et for each ~ployee in 

the Table appeadices to this s r. etio~. 

~ permatoloaical Bistor~ 

SeveDt)-five (75) employ~ : 39 perce:at) had 100 dermatoloaical 

fiDdiDas in their mediul bist t..·, ry. These are tabulatet ill Table 12.1. 

The pl ethora of reports perhaps •rlaes ~ecauae of lctease que•tioDlDI iD 

this particular area. Acae reporta could be traced to ita occurrence in 

adolesce~ce and DO actlYe acne was reporttd. 

Employtea readily recoanl1ed the contact D~ture of mo ~ t rashes 

(flberalna, ·chea.lcala, dirty aloYu, watch atu~a. soap, etc.). ODe 

s ubject had a rash related to the dielectric fluid. Two were clearly 

• 
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TABLE Jl.J. DERMATOLOGICAL HISTORY 

"(able 12.1. Dermatolo,lcal ~ondlllons in the medl~al history or 194 PCB-nposed capacitor workers 
<Group 1). No~~~~~ or put or ~urrent cblorac:nt werr. obstned. 

Rash 
Single episode 8 

Pyranol 1 
Epoxy 2 

Intermittent 4 
Contact 12 
Neuroderma:itis 4 
PsoriiiSiS s 
Dry, scoline. 
itching skin 8 

Eczema 3 
Hives I 

Seborrhea 
Dermutitis 2 
Sebaceous cysts 10 

Infections 
Boils 12 
Abscess 2 
Ringworm I 
Athletes foot 4 

Eye Comphtints 
"Gnmulat ing" ey~lids I 
Dry skin 2 
Tearing 111 night I 
Redness I 
" (i rowths," l'yst s 

(cyc orows) 2 

Old Acne: 4 

Other 
Lipc1m;1 4 
Pilon idal cyst 2 
Basal cell 2 
Hemangiomi11 I 
Papilloma I 
Mole I 
Cyst, finger I 
Alopecia are11t 11 I 

119 

000122 



related to epoxy expoaure not related to dielectric fluid. 

Many of the dermatoloaical episodes antedated employment with the 

first episode occurrin~ dur.in& military service. Because aost employees 

have bad multiple industrial e~posures arisins from job aobility. the 

nature of their work, e.a., as aainten~nce aen or in the use of other 

chemicals such as solvents, jt bas been ciearly difficult to rel•te 

tbes~ dermatoloaical findinas specifically to PCBS. 

~ Gastrointestinal History 

The findinas from the &•strointestinal histories are summarized in 

Table 12.2. Data were reported as a physician's diaanosis, prior sur-

aery or as complaints in 73 subjects. 

Nine ind.ividuals reported episodes of jaundice, fou:c of which 

occurred duri ng childhood and three as prior to employment. One r.ase 

durin& employme nt wa~ related to gallstones. Four subjects ~eported 

fiv~ ~pisodes of hepatitis only one of which, in a ~alaried staff 

employee, occurred durin& employment. 

Tbe incidence of cholecystectomy and food intolerance is presumably 

relate6 to the elevated serum cholesterol levels observed in this popu-

lation (Section 13). The incidence does l'.Ot appear excessive (FiJ-

ure 12.1). Althouah PCBS are detoxifi~d by the liver and excreted in 

the bile, these data do not suacost serious hepatic or biliary dysfunc-

tion. 
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'e 
TARI.F. 12.2. (;ASTROINTF.STI.~AI. HISTORY 

Tablr. 12.2. Gastrolnt~stl 1nal condlllons in tne m~lcal history or 194 PCB-uposcd capacitor work
ers (Group !I . One case of hepatllls occurred In a salarletl stat( em.,loyee; of the two cases or 
jau ndice, or.e was related to callstonu. 

Physician's Dia~nosis 
Peptic Ulcer 
Hiatus Bernia 
S!-iiiSiic Bowel 
Diverliculitis 
lntest. Obstruct. 

Surgery 
Cholcc:ystcc:tomy 
Hemorrhoids 
Bowel Re!iection 
Rectal Polyp 

Compla :nt!: 
Food intolcram:c 
Burning 
Nervous Stomach 
.=Ia 1 u I~ nc:c 
Vomiting 
Unspecified 

Jaundice 
Childhood 
Pre-Employ . 
Employ . 

Hepatitis 
Pre-Employ . 
Employ . 

Mall! Female Tora,l 

7 
7 
I 
I 

2 
2 

6 
3 
2 

4 

I 
2 
2 

2 
I 

3 
2 
2 

5 
I 
I 

3 
I 

10 
9 
3 
I 
! 

7 
3 

4 
3 
2 

3 
I 
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Fjaure 12.1. Autc,~ y preyalence of aallatoDel &Dd aallbladder dlaeaae 

lD SwedeD. Gallbla 41 der di .. aae wu docuaeD.~ed aa chrolllc chohc7a

tH.h nr preaWJed to be preauat if a -;;h ,~h'.:ratecto.:y ••• dolle. The 

areater. prc~altDCe Of l&llat At& t~~~ l&llb1ad~&r d!ataat ia OtD-

a! ater.t ~ith the ~lew that l&llatODC fo~atiOil pr~ce4ea the 

dn~ l op.nt. of J&ll bl dder dheau. Fr011 Lllldatro. (U77). a~pro-

. . 

dacei.l ho. Bo!•au, A.P • • ~anar.Societ)' ~erha 74, 1971, p. 26. 
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~ ~ NeuroJocical History 

Fifty-four (54) employees meDtioDed one or more neurolo&ical com

plaiDts for a total of 73 such syaptoms. These are contrasted with the 

complaints reported by FiachbeiD et al. iD aDoth~r study of e.ployees at 

these plaDts (Table l.l.3 ) . In &eDeral, fever aach syaptoas were men

tioned by our hiahly ezpoaed &roup compared to the Fischbein et al. 

volunteers. The moat promiaeat complaints were headache •ad nerv~ua

ness. Memory loss aDd somnolence were Dot reported. 

Of those reportia& aeuroloaical symptoms nine possible associated 

conditions were reported one or ~~re times. The inter r elations are 

~ ~own iD Table 12.4. For instance, of the 26 reports of headache, 

6 individuals mentioned s i nusitis, 3 mentioned hay!ever or other 

alleray, S were heavy smokers with sbortaess of breath and mornina 

couch, 1 women was menopausal, 2 had hypertension under therapy, 1 baa 

ASCVD, S reported their head•ches as miaraine, 1 employee had petit mal 

heiDI treat~d by Dilantin and 9 s~bjects have or have bad spastic colon 

or duodenal ulcer suaaestin& a br~eder psycboaomltic basis for tbeir 

complaint. In 1 c•sea s~ch associated co~ditions were not ~entioned. 

Of the t~tal beadacb~ aroup four were or bad been on tranquilizers. 

The relations of Table 12.4 suaaest tbat the r.eported symptomatol

oay could be reaaoaably asscciated with intercurrent disease and/or life 

streas. The nineteen cases for which ao as~nciated coDdition was iden

tified were acaerally stat~d Asoor~sional occurrences and were not 

thouaht by the employee to be cccupatioDally related. 
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TABLE 12.3. NEUROLOGICAL HISTORY 

Table ll.l. Nturoloclcal tondlllons in the medical hlstor)' of 194 PCB-uposecl capacitor workers 
(Group 1). The date rrom the r 'Wnt stud)' wue compared to the ftndln&s or Warshaw et al. on 
• lfOIIP or vulunleer subjects ar ' sam~ pluts. Memory lon, rarlcue and iomnc.lenre were DOt 

round. 

MALES FEMALES 
Mt. Sinai Volunteers Study Group I Ml. Sinai Volunteers Study Group 1 

(N-168) (N-IS3) (N-IS8) (N-41) 

No. "" No. "" No. % No. % 

llet~dachc 33 19.6 16 IO.S 44 27 .9 tO 24.4 

l>iuiness 16 9.5 8 5.2 22 13.9 3 7.3 

Depression s 3.0 I 0.7 !9 12.0 1 0.2 

Memory loss 2 1.2 . . 13 8.2 . . 
F111tigue 17 10.1 . . 36 22.8 I 0.2 

t\c:rvousness 21 12 .5 14 i.2 49 )1.0 8 19.5 

Sleeplessness 10 6.0 9 5.9 

I 
17 

I 
10.8 2 o.s 

Somnolence 8 4.8 . . 18 I 1.4 . . 
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TABLE 12 .... RELATION OF NEUROLOGICAL COMPLAINTS 
AND ASSOCIATED CONDITIONS 

. . 

125 

Relation of 73 neurolo~tiul reports to S1 potentially associated conditions In 19,. PCB-npo~ed capacitor 
worhrs (Group 1). Only 19 complaints, characterized as "oc:~aslonal , " wert not related to this list of associa
tions. 

I 
l'~y~ll ... 

''"""'" Nn. o( llco•r v •• .,., ... hi'OIIIC Total 

Nc"'" Si!\111· s-•"' Mc11u- llrrc•· ln•ulli· l'cril coiOC\, Noauo- Tran· Aaso-
C"rwnploi1111 .... AlkriJ c~u•. mufhl ..... ~ rcnaioft &:icMy MitroiiiC Mal "'"'' cilliOft quili&ell ria1ion1 

Mc,..lfl• uf II 4 • 1 ) 
A-.. ·. Colfld 

1 s I ll 10 19 57 

------ r------f-·----···---- -· ... . . . - ... ---- -·- -· ··--· -
ltc-..·llc 1• • ) ~ I 1 I s I ., 7 4 )) 

Oiuift.!'L' II s 1 I I ) I 3 11 

Dc..,,._.;nn I I I 

~-~llfUC l l l 

Ntrv.,w,nt:t~"~~ 22 4 3 • I 4 I I ~ 7 ll 2.1 

Slctfolr<>nel<$ II I I , I , ) 4 9 
7) "' • II l 7 l I 2 1l 19 19 10 .. 

--
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~ Other Syapto•atoloay 

Iu the cardiovascular area there were 25 individuals who reported a 

history of bypcrteusiou, •oat of who. had had therapy. Because of t~e 

reported association of sera. PCB level wi th blood pressure, we have 

assembled the blood pressure readiuas •ade ou our subject• but the anal-

y i s has uot yet been perfor.ed. Ia our population three individuals 

have had myocardial infarctions and two others show evidence of ASCVD. 

There are four reports of rheumatic fever and one of erythe•a nodosam. 

There is one fuactional heart munaur. Eros ..-ere consistent with t~eae 

diaanoses O? were normal. 

There were 8 reports of kidney stones, one conaenital kidney 

obstruction t ;·eated suraically and four reports of kidney infections. 

Five bladder infections were reported and one benian bladder tumor. 

Respiratory sympto111atoloay and ches1t x-ray findiuas arc reported in 

relation to pnllnonary f'uaction studies i~ Section 14. 

IUfu -:tlSSION 

In the st11.dy of Fischbein et al. there was no sianificant correla-

ti~n betw:en reported symptomatoloay and plasma PCB level or between 

repor t ed sy~ptoms aud duration of emplor-ent. A statistically sicnifl-

cant association was fonnd be t ween the l.:- PCB plasma levels and the der-

2 m&toloaical fi~dinas on physical examiuat l on (1 • 11.36, d.f. 4, p < 

0.05). The studies of lreiss et al. di6 not address sympt0111atoloJ7. 

1. [reiss, [. , Zac:k, M.M., limbrouah, R.D., et al., Association of blood 
pussure and r-ol:rc:hloriuated biphenyl levels. IAJI.A ill: lSOS-2509, 1931 .• 
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( __ 

S.ith et al. have uaed lo&istic rcaresliOD tO •udel the relation 

between reported syapto.1 and sera. PCB levels. The followin& ayapto. 

histories were ai&ni{icantly associated with either aerua loa (L-PCB) or 

loa (B-PCB) or both, in the presence of confounders: 

Cou&h i DJ on job 

or soon after work 

Irritated or burning 

eyes 

Unexplained 1 ou 

of appetite 

Unexplained tin&lin& 

in the hands 

Skin rash or 

denutitil 

•Pr (12 l 3.84) • O.OS 

5.0S 3.87 

7.66 11.29 

5.70 

s .16 3.51 

0.04 4.51 

Maroni et al. reported 10 of 80 workers (13~) studied with acne and 

folliculitis of which three appeared to have active chloracne. They 

al&o reported five caaea nf uenutitis due to primary ir:tltative or 

allcraic scnsititin& aaents. In the three •cne c a ses blood PCB concen

trations were 310-495 ppb (•eao 4SO ppb) but did not differ &i&nifi

cntly froa .the concentration of aoC'tber five 1maffected WO!.'lers on the 

e UIDC job. All cases OCC:'Dl' red in one plant usin& Piralcne 3010 of French 
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manufacture. The other plant with no chloracne used ,the Italian ,rod

uct, Apirolio. Eotb materials were 42 percent chlorine (equivalent to 

Aroclor 1242). 

These investiaatora found hepato.eaaly in 14 workers on physical 

examination. None had a history of excessive lntake of alcohol or 

dr~as. Eiaht of this aroup complained of sympto.s related to diaestive 

dlfflcal ties. Bepa tomeaaly was found h both plants. AUhouah others 

have found biochemical chanaes (liver enzymes) associated with PCB lev

els in blood, this is the first report of liver findinas CD physical 

examination. Because of the subjective qualitative nature of the palpa

tion of the J1ver ~dae we believe these findinas should be reaarded with 

caution. Yhile alcohol consumption was described as ''not excessive,'' 

quantitative data would be helpful in comparina Italian to U.S. workers. 

The symptomatoloay reported by workers is perhaps the least reli

able of the ..,a ta available for analy si ', In the present st 'lldy we have 

not yet performed a formal re1ression analysis. In view of the diffi

culties encountered by Smith et al. we suspect that the relations in the 

end will be te~uous. Accordinaly, ~ost of the effort of this study has 

been directed to the more objective biochemical and physi~l9&ical aea

surnents. 
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·-;ECTION- - Appendix. Medical history and compla~s reported during clin~cal examination ~tudy Group 
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f"r~:']. lnctir,estion tlonn 
Tn: ~8 r.oln irls 

Nnne Nnnr. 

l'lonc none 

r ~ I nee • In~ormt" -· 
Hone !lone 

l 
! 
ll1ccr-197J; none 
Intc~;tinnl Oh:o>truc-
tion-1"171 It 197.'; 
lllcer-1975 

Hone !I nne 

rlonc Unnc 

Indir.c~tinn J-4 Hone 
Time~ l!onthly 

Inrlir,e~ticn - none 
A~~oc. w/f"ooo 

19118-nlceclinr. none 
U.1.c.er 

Nnnc •None 
I 

!lone 1rlonP. 

·- ---------• - ·- . . J .. 

Jlf.ST'IPATOIW 

rl!one 

tlonr. 

tltJne 

JlonP. 

Nnne 

llhtor~ F.rttrh~,.;t""'n 
ahout 1973 
I' h tory PneuT'IOnia, 
r.hronic nronchitis 

+--
!\nne 

~i~u~titil"-Allergic 

tn r.nt!o;, Oust, 
l'f"ltntnf'~ 

::nMe ~tuffine~" 
"llh~n Fnti~uerl" 

~in11~1tis; ~OT'Ie 

I~ .n. n. -Hns t1y 
- ~ummcr; Fx. No~c 
liffl~ 

None 

·-
flnne 

tlnne 

,e 
rrrl';::u ---
lq~~-Cholescystcctomy 
lq~l-Y.irlncy ~tone 

lqzs-rrost~t!tis 

None 

Pnlio - AJt'! 4 
P .r 
1?72-Hemorrhnidectomv 

i~~O-Thvrnidecto~v 

l''~A' )q72-Ren1p,n Cv~ t ~ frm 
T\[P.Mit~ -
GenerA~ Oehilitation 
1970-Jty~t,"!rectomy 
,~71-Tel'lp. r.olostomy-
~oYel Obstruction 
1971-Rcm. Portion of 
J..ar~e Intestine 
1.973-Chol~-:cvstector~v 

r.r-. - T.nw- Jles Small, 
Thin r.hr:st-l~cltvY ~mnl<er . 

1972-Rem. ~ehACCOUS r.vst 
on L. Neck, r.hin 

' 
lq~8-Int~~tinal nloc~B~e 

from "t-:erves" - After-
'Ht~:ch<trP.e Frol'l ~ervic.c; 

None 

·i•one 

Nnnt" 

Nnne 

·. 

,...., 
w 
V1 

-
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-
~o'l~ 

~t:J97 
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.. - ··- - ------ -----------·· . ~ · - . .... --·--· _ __...__ __ _ 
~ ( · ~J{ n: P.A~llf.~ GI ~YHT'TC"'-f~ 

l ~ 

1196~-ne~etcd to none 

3l 'Ct lorin~ in Service 

nnnr. None 
~ -, 

llad Cyst R.ea. None 
- ZS" (rmo~ J\ridr.e of 

5~ r·· Nnne tlnne 

None llone 

.4 CJ .' 
- - # . , 

noils in Srr 1ice- None 
HAd ~hots for Them-
NO Prnhlem Since; 
J\enign J ,, rillnm~ ~:a 

.5~ tlprer Chef! i: t.. J..nv 
HirldlP. J\;u::k 

1 !)72-J\ni b none 
..2.' None ~ir.cn 

None InrUr.eRtion -
llhtu!'l Jlnrnb 

..2.'1 
- · 

Roils-As T~enoger Intolcrnnce to 

. ~' 
None Sin.ce Spicy Foods 
Or..Y. Skin 

3{. 
none flonc 

States H:td Itchinr, none 
in 191l0 vhila in 
t)C·-·lfo rAsh to !'Cn~ 

'0 
I 

r. 0 tf { . A I N 'f S 

tlF.IffiOJ.OCIC .. --

11074-llnrvou• 
Tonk Trnn~uill-
heu , 

Non~ 

None 

.· -
Unne 

None 

Nnne 

none 

!ret it P!nl - On 
rtr.rli cAt ion "r. e 
'l-111 
"~inuA" HP.n.dnchen 

Non~ 

None 

. 
None 

~ 

Rf.~!'l"'A':"ORY 

~lone [ 

> 
/ 

r.xR-r.t\ldfietl 
r.r ~thu1om4-RUJ. 

-
Hone 

None_ 

"T\lm<~lll Nnsa" 
t·'re~. Thrnur.hnut 
Yttn"' 

nona 

tlnno 

None 

None 

Wnne 

--
nee. Sinus Problem 
TAkes !lrbtnn 

OTIIF.R r-- ~ 

None ~ 

. 
U:-·pertension-nn tied icaticn 
~XR Reveals Slight 
r.,.rdinMPJ!.dv 

i 
Hone 

R. lMn@ Or~tnr~-Agr 5 nr ~ 

Ap~cndectomy - Age 12 

Redness of F.ye• ~in~• 
Childhood 
H~perten•ion-On Medication 

Poor F.ffort on P.F. 
r.XR-t!orm:~l 

lliatul'l Hernia 
Ptosi~ - Left ~~~ney 
1971-0el. Normal F. TnfAnt 

N~ne 

5 Pre~nancieft ~· One durinR 
F.mnloV'IIIr.nt (Nrumal) 

1q51-Jiyst.enct"ll!!V 
1955-Rem. LAryn~e•\ Plaque 

.Ptosis of Ri~ht Kidney 
1973-Rrnnchorn•umoniR 
HiscArriap,e P~ior to F~p1o 
19ti 1-7 ~l«'nth · Nnrmill nel-At.' 

•• 

' 



'- ------- . . --- -- ·----· · ~---

• ~J.AtNT~ 
~Kllt r.J\~11f.~ r. T. ;, Yl f'PTfl! I ~ n r.tr n m .Na r. - ~ r.!:PlRATnRV -

/tO/.; #.2.· !r!nnf! lrlnnr. IPnn(! 'tone_ 

Uonc "llcnrt nurn" f!nne IInne 

//01 41 r.ns 

none -tnrlir.ostinn- Hone .. ionc 
h~5oc. ~/Alcohol 

~ttl 
~ r.crtnin r~nd~-

//e lf Tn~c~ Pnthlh~~nt~ 

111,.:1 ntvr.rtir:ulith 
/l/0 ;l7 

"""" !I nne l~nnr. !Inn~ 

/II I .114 t!onc llflne •tonP. Unnc 

llnne Oinr.nn~f!rl :u:; IJlcer None nonr. 
I liZ 3o ll/7~ (Un X- J<.w) 

/113 5C Hone UnnF. Unnc nnn t' 

llnne f'cc. lnd ir,P.r. t inn- Rnre J'lh:zine~s j JIOflfl! 

n~liP.vr.rt hy nnh itls 1\~~nc, \o•/II~ArlnchP.S 

·/,/~ .Z9 
"~f'A!';tic T\n•1~l" - Oc::c. l!nR nrief. 
TrcAtccl nt r.n 12/7~ ~hAl1' t•Ciir1 rdn 

T~"tinr t;-10 ~,.c 

Rnsh !!'17 3 - No Hone IInne Uor.r. 
ReoccurrAn::c -

' 
.2/'s- .t.S'" ?Rclntion!':hip 

------ to rr.n - ·--·-
None J;one ?lone l!onr: 

Z/,~ 6o 

.f':; 
197o-"CrovthR on Hone Nnne ~lone 

'''7 F.vP.hrow~" 

Hone llonc tlnne llonn 

if// f' N1 

Had Ruh 1 Week - Unne l~nn:; ~onP. 

;1111 ~1 
1?76-r.lenred-R~. 
from rvranol 1 

000140 

• nrur.n -
!innP. 

;•reels" n/r F.levatett t11en 
r.xciterl (nropfH!d out nf 
~t•tdv) ·-
None 

tlnne 

Nnn~ 
~ 

1«l71-f.ncC!phalitb in ~et"J~ 
l/7r.-on CAntrDsin fnr 
r.vGtitiR-Prnst~~iti~ 

None 

1975-trormal Lower Ct Seri• 
1954-Left Foot Or~~ 
foll~win~ Auto Accident 

2 Prer.nanciea rrtor to 
!F.I'IIplo)'111ent \-'?lone ~ince 

1958-r.holec~st~ctoay 
Hvpertension-No J!2 -1icatio• 

1972-r.~olecysteetomy 

nyrertr.ndon 
lq7)-Auto Accirlent -
Contused ~pleen, Repair o 
Tntef'tine 

None 

.... 
l.oJ ...... 



-
IIIAs SM.,ll IMctive 

'!] -l - ~ 

~J:tn RASJ1J~S 

' : 
\ 1\rotnchiol Cleft 

//2d ~ .z~ 1-:v!'lt!'l nchtnrt ~.nth 

r~n; 

"' 
llotd r.aRh Uhcn -
Fir~t A~Rir,ncd To 

~/ ,Z. I .2r Film ArM ~ No 
trrlt:mt!'l -. 
Alonccin Areotn -
nx. h~ ncrmntnlo-
r.ist ~R r.nusod Ry 
Ncrvelll - First 

-;212.1. .J~ r.ri~nrle Ar.e 13 

r.hronic:: nry ~kin -
,0,2.1 ~3 r.r11ckinp, of Finr.er-

tirl'l 

Nona 

,J.I,ZA/ 4~ 

nx. Roils lS Yrs. 

II/2S ~'f· 
~en 

sl' !!"nc 
~/2~ 

~fone 

/tZJ .J.Z " 

,, ;.Z.f S"2 ~1nn,. 

A e 

r.OtfJ " T. rr T !> 

r. I ~YlfrTOf·l~ IYT::IIROJ .f)(a r 

NonE: St:st2r. 1'1:! "Shnl:et~~" 
nll thr. ~ir~ ~incr. 

rhUdhonrl 

ilnne l'c:sdne;hc!~~ rrinr To 
hn~:sl ~urr.ery 1q71 

Oce. lleart Rurn '!one 
i.n. Ornn~~ Juice 

'tono Took llecH.c::llti on 
For Jlcrv~R lin to 
t\hnut R "n. t\r..n 

t:nne l!nder Psvchintric 
r.nre~l~lloril ~~n 

r,r,. - ll:t~ riot Jlncl 
~lsunl llcnrl"chr.!'l 
J.ntr.lv 

nee:. Inrlinr.~tio~- fir.rainr. ilr.:td:tchr. 
Pentic Hlc«!r 20 !,Mit VP:;tt" 

Yr,;. "r.o ~cc. lr.~ "'l'lnin 

Ynrlir.e~tinn - rAre riT.~inC~R ~ 
r.n~nirl!ll i(llvf'l«!rtP.Mion) 

tlnnc ~I nne . 

~I nne 'nne 

•• 

P..r.~rinATORY 

NnnP. 

P~R · Fre~uent Runny 
tJn~c ' 

nee:. Frcl!'t ~he 
t!'ln't Tnk!nr. :n 
r.nour.h Air 

Heavy ~moker -
rnur.hl'l 1. !tn~. f1U 

r,.,rv "" 
Uone 

1'P.~vv ~nnker -
r.nur.hs 1. R~theR -
f.VP.rV Mf 
ncr., ~inuRith 

Uone 

" "~trcp Thrnot" 
r.n~q. - Tnl:el'l · 
T'cnic:U lin r.nn-
~tAnt"lv 

'·JonP. 

OTII;::R 
r- .l - . 
~I nne 

l•j 

"' 

n64 or 65-Kidncy Infe"ct 1c 

1972-A~ute Arthritis -
Frvt he""' t~ndo sum 
19~~-Renir.n YAttv Tumor 
P.cm. from i.eft !'rf"4Rt I. 
f.eft ~houlc!er 
2 tJnrn:ll 1"reRnAnc1eA - Not 
Since Fm~loy. by rhoic::e -
n.r.. Pilla & R~vth~ 
~one 

lintt Shots For Hay Fevu .. 

t'nne 

197o-~yocardial lnfarctio 

rnlv-Arthrith 
}f\13- !'.'F' • 

llry~8-rflnn~iAl r.vAt 

e-' t-J 
w 
CD 



.. -)' 

-0 
0 

A 
N 

,2. I .z 'i" 

//~o 

//J I 

II~Z 

,,;.J 

//3"f' 

.L/35'" 

fl./~J, 
; 

,,Jr 

~~~~ 

. 

s-z 

;zj. 

~1 

~7 

~9 

3o 

.39 

#s-

#f' 

. 
#I 

~~~HI r.A~I!E~ G I ~Ylll"rf'!f~ 

Jt~rl "P~~h" l'lt;'l !!nne 
(~nn-tnrl. nn~h nn 
5th Finr,P.r Ar.r.rnv. 
h~· fle~t nf ~olrler-
inr. Iron - RPJ'I. 
fror.~ Sedinr,) 

r~one ~!nne 

!f:'lr.e lll"'nC 

noib, Acne llono 
Me Tccn;:~r,cr 

l~nnc !~nne 

Roils As Tecn;:~r,~r Uonr. 

lll"'ne Hnne 

Itche!l to Sn"'e r:nne 
r.o:~rs 

None "rnl'IRihlP." 
lli~tus Hernio 

None llontJ 

A r tf T ~ 

m:ot 1ROT.nr.T.r. P.r.~rTnt\TORY 

!lnnr. 'lone 

r'nn~ !'nnP. 

Unne nnnP. 

tn Pnl'tt, Tllnk Slnu~itis Tre~te~ 
V:tlium fnr Unrvnn 1\1 ; · • hv F.NT. ~J'eC. 
'lnnP. ~:mr in ta-~ YP.nrs 

f'cc. J!r.:-:-1.~cltt1~ ~.n.n. - Pih ~Ar.e 
Arthriti~ - ~nnr 
"":o-:rnn!linn 

Nnnc ~lnu~iti~ A~ ~hilrl -
'lonr. ,,..,,...P. 

!nl:e!l !led1cAt1.on 'Jon~ 

For Ncr'fe!l 

Nerv.,us-'!Ake.: nee. ~.n.n. u/ 
''Aliun - T'nst l!xr.rt ion, ltild nee. 
r.oronnry Insuff. Sinufl ~nmrlnint 

None . llnne 

OTl'f.r. ---
Trenr:ncnt For i!yrcrtcn~inn 
Fnr '•-5 Yenrs 
rvnrri:P.;\ 
I, !formAl PrP.r.nancies -
1 F'ull Tern~ Stillborn . 
(1 UF'!'O Ourin~ PrcgMncy) 
~ «lZ2-1 1v~tti~S: ton•£ 

1'75-r.cn. Rilateral 
v.u f cnc elr 

ll'lf.R-R. llv!fr.ocele 

1956 (Ah~rt) PA~sed 
Kitiney !\tone 
1 nfi3-Jicfl1nrt'hoi!fec t or.IV 

Since ~~~2- nns. ~rvue 
Arthritis ~ G~nernl17.~d 

UnnP. 

•!..,nP. 

ll;\d J:~und ir.'! as ~hild 
1971•-Tnok Thyroitt 
}Q74-NyRter~rtamv - ~A of 
r.crvix 
tto Pre. ~n~neicl'l Jlurinst F.flll'lt 
3 No~l Pre~. - 1 n~ed At 
~ Oay~ (PTPh~ture} 

11174-Renhn TuMr of 'r•,."' 
A~CVD 

19~7-Acuta Coronary lnsuff. 
1973-Rem. of ~yst-Rin~ 
Fing_er 

llef)Atith 1\lice (~at Time 
196(.) 
~I!Veral Kidnoy !"fection~ 
No ~re~nnncir.~-Oeliherate-
~ef'arated 

..... w 
\D 
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.J,149 

.Z/4(:) 

' 

A. I A/ I 

.2141 

/I'll/~ 

"'#-I 

/lAir 

II..Y~ 

~~/~T 

11#Y 

0 o : 
0 ' -

.1f' 

~1 

~7 

31 

~' 
:lf 

.tJ 
52. 

sa · 

s' 

·-

.• J' SKill r..ASIIF.S 

nrenkA Out in 
"JiiVC!';" fr0111 
r.hnc«'1i1tt! 

Athlete's Fnot 

tlnnc 

None 

PsoriaRis-R. Leg 
nry Skin 
Athletr.'l' F«'ot 

tlnnc 

J.m.~ Crn~c 
Granuln tinr, F:yclirl" 

Nnne . 
Ahout 3 Yrs Ago-
RAsh-Blistor Like-
Treated h:Y nr. 
Little (nnt aAeoc. 
"/Pr.Rl 

Dry 5kin-W~rks in 
Lah-Fraq. H11nd 

IWashing, Us .. 
A,..~,. .. ,. 

r.I SYMJ'TOliS 

Uono 

113!1 ".\ Lnt Of 
CAs" 

~lonf! 

llone 

None 

Jln:"'C 

r.ou, ·.AlttTS 

,Jr:!rnnr.ocyr. 

None 

. Oc:c. r.HA "Lir,ht 
l~eartert" 
tlervous-Treated 
in lq70· 

•rnne 

nona 

"nervous•· 
[ 
j 

-
tlnnc ----

Unnc Unne 

Nnne llnne 

Occ. Hoarthurn Frer'juent !lead-
oches in .Past 
YeAr 

None None . 

~ 

RF.~J'IRATORY 

N~na 

none 

"(.if!,Arctt~ Cough" 
~.n.n. r.UmhinR 
~tl\ir~;-ltcAVY 

~!"'!~L._ 

None 

lteAvy ~111oker -
s.n.n.: Sinn!' 

Nnne 

Snh-Acute Sinn~ 
SincP. Tcr.nnr.c[.:; 
Ycnr nouncl ~ l' ·.N. 
n.-:t" - nx tn !1\crv__._ 

Aller~ic to nuAt 

None 

None 

Cl11if.k -
2 ~1orm.1l TT nal!verfu 
durinp, Fmrloym~nt 

Hypertension- Under Tren-
111ent 

l?,B-TwiM - tiFT 
195!'-?IFT Odivery Durin~ 
F.mf'loymcnt 
lq~A-r.6 of r.ciViX 

1970 - Jaundice 1 ~eek 
X-rAy for C.R. Attack-He,. 
2 llnr•a 1 Prcttna nc ie s 
Prior to Em~lo~~nt -
None ~lne_e . 
Petit Mal-Dilantin 
~<yoertensivn 

l«t74-F.xci!'l~d r.v~t-T .• r.heclr. 

P.efu~cd r.hclt X-rAy 

--
None ~ 

1963-Rem. Benign Rectal 
Polyp 

1974- - r ~c·n tect0111y 
197l-r.e. •. Fusion 
1969-Cervj.-l Diec Reaovec 

8"' .... ,. 
0 



e ~ ·.AINT~ 
~KIN RASJIF_c; ---- - --- - Gl ~YHPTotfS ru:tm m.oc I r. 
No no Since 8 Ho. A~o- Oc:c. Tl1z7.inc!IR 

//¢'1 S'l Small Amt. nrir,ht 
ncctnl Spnttinr. 

197 5-l.e f t Lor, Nnno None 
/~s-o '" ~k111 Ruh 

None l'J71-J>uodcnnl lle!lciAche!t v/ 
Ulcer (lle6lod) Fat ir.ue-Relieved 

,t.1SI 5"/ w/AS/\ I. Rest 

.1/.5.2 2f None None none - ------
None 1963-Peptic Ulcer None 

(Healed) 

..2lS"3 4? 

None Indigestion - Corn T>ull Headaches-
& Srar,hctt! T.a~tR R-9 llr~t, 

1/sr ~3 4-5 Timel'l Uec!:ly 

Nono None None 

/IS"~ 33" · 

None None None 
~/S7 -ti' 

Skin Itching None Ncrvouil-2 Jlo, ARO 
v/Ner1ousnesa- Took PledicRtion 

.t,ISI' ~y no Rash . 

Occ. Skin Rash- Indigeat!on ahout IIRd Nervous 'Proh. 

II &"9 .)o 
nuttocks, Anal 4 Yrs, Ar,n v!. th 4 Yr~. 1\p,o ~ No 
Area , PeniR rrendon JiectlcAtion Now 
(Nn Ruh 1/76) 

000144 

RRSPIRATORY 

Nnnc 

None 

Hone 

None 

None 

tlaa Sinus Problem 
upon Arisin~ & In 
EveninF: 

None 

None 

none 

·-
tfone 

OTlff:R - . 

N"ne 

l!l44 .. Jaund1ce Hn Service) 
1971-llrinary lnhction__:_ 

1948-llysterec:tollly (rrior 
to Flllpl"yml!nt) 
IIAd A11th111.1 vith Allergic 
R~ac~inr. to Pen1c1lltn 

1973-lnfected ProstAte 

R, Inguln3l ller~ia-ARe 14 
1971-Excision Benign Tumor 
J.eft Breast 

1
1968-Rem. of Irritated 
moles 

ll97o-Rem Skin CAncei(Dack· 

F.yes Tear at Night (Not at 
tJork) 
1975-(SprinR) Hypertension 
(12/75-D/P 148/92) 
19~7-Fat~y Cysts Rem, froa 
r.hest & nack 

19/1-Infec:tious Hep~titis 
19~8 or 1969 - v.n. 
1975-Ahdominal Cun ~hot 
t.Jou.ruU 

!lpf'endec:tomy :. A#!e .to 
Rurn Scar11 Hedial Calf 

1975-r.holeeystect~y 
Hyperteneion - Hild 
19~9-Benign Tu~or R~. 

R!ght Breast 

Hypertensio~ with Nerves 

1-' 
.c. ..... 

-

-



,21 7CJ 

,,.,, 

//'7.Z 
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0 
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i -:A 
U'1 ·-
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~I 
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.z~ 

!'XIN RA.~JIF.S r.t sntrTntts 

fllatus llcrnia 

I I 

jr~z~ 10 Yrs. A~o I 
I I 

Coap. of Ory Skin I None 
Around f.ycs At 

lttaes When Uorklnr. 
PCB's-None Seen 

r n u r t. " 1 N T ~ 

J, . 'nJ .nr.H: 

l"cc. ltcartachc; 
Nervou~-nn Trnn-
uillhers 

e 

I 
·--- ,. - - -~ . -- -

In one 

• 

RF~C:riRATORY I None 

I"··· 
Sinus-Hay Fever 

I 

I None 

nTHF.R 

lq74-6 Ho. ASI.lHD 
1968~1fyuerectomy· 

I None 

I Notte 

tt' 
~ 
A ......, 
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~ - .. " ._. 

.1.1 {,C) 

/1~ I 

r/ fi;~ 

/1,3 

1'1'-1./ 

.1.1 'S" 

,,,~ 

I:JJ~7 

.J.I I f" 

11'9 

·o 
: 0 
10 
lA 

;"' 

• 
s-~ 

.l.la 

3t. 

~I 

3&/ 

3l. 

~'I 

.17 

AI' 

s--4 

SKJ.N RASII~S ca snWTorts -

none None 

"1 Yr. Ago - Skin ~one 

R;~sh" (? Cause) -
''Verv Minor" 

None none 

None None 

None Hono 

Or ~ . Skin Itching I Nona 
Assoc. w/Allergies 

None None 

H11s R:tre Ec~f"-"'A None 
During Winter ~los. 

lied Temporary Rem, None 
for Epoxy Rash-No 
Rash Since 

None None 

~ L A T 1!.....!.1, 
m:nRm. .. ocrr. 

None 

none 

f\cc:, In!';OI'IniA 

"Tension" Heact-
aches 

"Tension" Head-
ache A 

Hi~roino-Assoc. 
v/Hense!'l. Oce • 
!lizziness at 1.fork 
On ValiuR for 
?lerve:1 

None 

None 

None 

Takes Valium For 
Nerves (Palpita~ 
tion Sveats) 

RF.SPIRATORY 

None 

None 

None 

None 

11ay Fever to nuat .. 
jFrer,uQnt r.ol~l 
; { 2 Pk. Tl11v-Srnoker) 

Sinusitis-Assoc. 
v/Allercies (Dust, 
OrAnges, Pollens) 

Sinusitis (Lir;ht 
Smoker) 

Noni! 

·-
Hone 

S.O.R., S:!nus 
llearf~tche~t, · ~nkea 
for 35 'Yu. (1 
Pk. !ldly) 

-OTIIF.R 

11971-ll;.o$terec:tomy due to 
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Nnne 
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nee. Insomnia 
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one 

Hone 

none 
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e 
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197o-Appendectoay 
1971-~tarted Treata~nt 
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None 
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7-He:morrholdect 
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1929-~carlet Fever 
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13. Bioshemical fipdipas 

Elevationa in the serua ipids - either trialycerides, cholesterol, 

or both- and/or poaltive cr-•relation&> between the levela of such aerua 

lipids and those of PCBS, represent the •os l widely reported biochemi-

cal !indin& i~ populations exposed to PCBS. su~h reports raise twu 

qoeations : First, are the reported lipid elevations best cor.related 

with the PCBS themselves, or with cbloracneaenic i mpurities in the 

PCBS (such u PCOFs), or with compot•.Ddin& factors such as alc.,hol, 

drua uae, or obesity? Second, are the observed correlation1 between 

lipid aDd PCB levels caused ~y the action of PCBs on the · liver (e.J., 

Je adins to increases in l ipoprotein ayntbesia and e ru:)'lllo activation) or 

are they caused by the action of the serum lipids on the PCBS (leadin& 

to shifts in distribution from adipose ticsue reservoirs into the 

serum) 7 

In this aection, we present the biochemical findinas in detail, 

with ~mphasis on blood lipids, fasting blood alucose and body weiaht: 

the atati ~ tical •etbods used in their analysis: and the results of such 

statistical analy ~ es. 

L Method• 

The clinical chemistries of thi ~ • were perforaed on serum 

shipped to Metpatb, Inc., Teterboro, N.J. Althouah individual erroneous 

values have occasionally occurred as the result of improper sample 

preparation, inadequate volwne requirina dilution, or l r.boratory error, 

in general, such errors have been readily detecte:i arrl, in a statistical 
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MOnthly basis which compare s the values obtained over a aiven period of 

time with their normal ranaes adjusted Ccr aae and sez. This analysis. 

however, treats all the variables as normally distributed. 

The present analysis focuses pri•ar!ly on the 1979 data, where rea

sonably reliable data for ' um PCBS are available. ADa'ysis of the 

1976 data is at present limited to selected variables. As tho result of 

study dropouts, inco~plete data (primarily serum Aveclor 1260 valu~s) 

and the occurrence of interc~rrent disease, co~parable data was avail

able in both 1976 and 1979 on 126 males and 33 females. Twelve individ

uals were o~itted because of diabetes (5), alcohol proble~s (2), non

fastina samples (3) and serious medical problems (post-op pi itary 

tumo~. epileptic under intensive ~edication) at the time of the study. 

One subject has a familial form of hypertriglyceridemia and was also 

omitted. 

Serum lipids, including total lipid, triglyceride& aDd cholesterol, 

were determined in 1976. Because of analytical difficulties the mea

surement of total lipids was omitted by the vendor in 1979. An analysil 

of the data for total lipids in 1976 shows some subjects where the sum 

of the trialycerides and cholesterol values exceeded the total lipid 

value. Because of such errors and the lack of replication in 1979 the 

total lipid ~easurc~cnta have been discarded except for Fiaure 9.3. 

Serum trialyceride values in 1979 were reported up to 

400 mams/100 ml, the balance beina reprrted as )400 •a~s/100 ml. Numer

ical values for levels areater than COO were reported in 1976, altbou~h 

their accuracy is probably questionable. In manipulatina the trialy-
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ceride valuea we bave uaed the llt?imam likelihood •ethod cf evaluatina 

such data (aee below) or ha.,e o•itted them fro11 the analysi.s • 

.L Renlts 

Variable Diatr.lbutiop! tpd Mean 1 

Th~ ~riucipal biochemical variables measured in 1979 are liated in 

Table n .1. Distributions were determined in each case and loaad.thmic 

tranr..formation carrier.! out 11 indil..ated. We differed from :=:mith et al. 

with respect t ~~distribution of direct bilirubin and creatinine 

-·hich appea .. "' l ~oraal in our ropulation, rather than loanormd as 

described by th=~. The loanormally distributed variablts are riven as 

1 e om e t r i c me an s • 1""b e r ~ • .ti If the data is &iven by ± twice the sta~dtrd 

deviations and compared witlt 't.he M~tp.11tb Gttt.nda:rd ranaes Wladjusted for 

sex and aae. The elevations in s t ~ islycerides and cholesterol are 

apparent. In addition, the data detcribed below indicate elevations in 

fastina blood suaar in a significant seament of the population. The 

standard ranaes for SGOT, SGPT and SGGTP aiven by Metpath are somewhat 

hiaher than those aiven by others, e.a •• the Merck Manual. Usin& the 

)ietpath standard th e re appears to be an elevation in the ~erum SGPT, but 

not GGTP. Howeve r , many of the 1 ivcr eZHY111e levels are a fWlction of 

a,e and sex. 

Serwn Triglvc:uide ~. 

In Fiaure 13.1 hi s toGraMs are used to compare male and female 

values for 1976 and 1979. In both sexes the values have increased in 

the three year period as measured by a paired t-test. For the males the 
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Tabl~ 13-1 

BIOCHEMICAL VARIABLES 1979 (N • 172) 

Tablr IJ . L l\1nsurf'd biochemical nriables for Study Group 1 in 1979. N • 172 . Means 
:: SD il"en as loRarithms for lo~tnormal dl rlbLllions and con"erted '. o arlthme~ lc values 
(X RanRe ls &lven as %2 SD. Stcnh rr.i ~ •lues from the analytical laboratory (Met
path, Inc.). Starred values exceed tht- la~oratory ranee. Distributions at variance wlth 
Smilh et &1. ar~ also starred. Normal ranees for SGOT, SGPT and GGTP at urlanc~ 
"ith oth er values In the literature. 

Tri~lyccridcs 

Cholcslcrol 

Blood Su~,:ar 

Uri<: Acid 

ToiOJI Bilirubin 

Dircc1 Bilirubin 

SGOT 

SGPT 

GGTP 

Alk . P11C1S fl . 

LOll 

Mun 

2.16 

238.2 

1.995 

6.03 

-0. 21~ 

0.141 

1.449 

1.538 

1.200 

1.4M 

173 .3 
Tol:.d Prol. 7.32 

Albumin 4.•D 

(jlohulin 2.93 

.t,/G R;Jiio 1.54 

SUI\' 1.23 

Crc~1in i ne 1.33 

BUI\'/Crcal. Ra1io 1.11 

1\'01 139 .( 

K 4.42 

Chloride 103 .8 

Calcium 9.67 

Phorphorous 2.85 

1.91 

~ SO Dis1ril>ution 

0.226 

50.2 

0.058 

1.29 

0.165 

0.075 

0.143 

0.163 

0.2M 

0.12J 

31.4 
0.47 

0.31( 

0.43 

0.29 

0. 11 

0.20 

0.12 

2.33 

0.45 

J.J 

0.42 

0.15 

Lognormal 

Norm;!) 

Lognorm~l 

Normt~l 

Lognorrr.~l 

Norm01 l" 

lognorm»l 

Lognormal 

Logno-""••d 

l.o~:nnrmai 

Normul 

Normal 

Norm;tl 

r-.:urm ul 

Normul 

Lo@.normal 

Nurmul" 

Los norm~ I 

Normul 

r-.:orma! 

•' ormal 

Norm~ I 

r-.:orrnul 

•.. :rmul 

"Dts tribulions difl'cr from Smith cl 111 . 

x 
144.5 

238 .2 

98 .9 

6.03 

0.61 

0.141 

28 .1 

34 .5 

15 .9 

29 .2 

17 3.3 

7J2 

4.42 

2.93 

; .54 

16.9 

1.33 

12 .9 

139.4 

4.42 

103 .8 

9.6 i 

2.85 

1.91 

5 I 
138 

7 5. 7 

3.5 

0.29 

0 
14 .6 

16.3 
4.7 

16.1> 

Ill 

6.4 

3.7 

2.1 

1.0 

I 0.2 

0.9 

7.4 

135 

3.5 

97 

8.8 

2.0 

1.6 

409" 

339" 

129.1" 

8.6 

1.31 

0.29 

54.3 

7 3.1" 

54 .0 

5U 
23(. 

8.3 

D 

3.8 

2.1 

2P .i 

1.7 

22 .4 

144 

5.3 

110 

I" 5 
3.7 

2.2 

Slandard 

0-200 mg/DL 

I 25- JOO mg/DL 

65- 130 mg, DL 

3.3-i1.9 mg/DL 

0.1- 1.4 !Tlg/ DL 

0-0.4 ; :,~ ,/ DL 

1-51.! !U/L 

l-551U/L 
1-70 U/L 

15-55 IU/L 

97-~50 IU/L 

6.2-8 .3 iim/DL 

1.8-5 .1 gm/DL 

2.1- 4.0 gm/Dl 

1-2.2 

7-28 m~/DL 

0.8-1 8 m;- IDL 

I 34- I 46 mMoi/L 

J .4- 5.4 mMoiiL 

96·-109 mMoi/L 

8.7-10.5 mg.'DL 

1.9-4 .3 mg/DL 

1.6-2 .3 mEq/L 

H9 
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increase is sianificant at nearly the one percent level (t • 2.53, 

d.f. • 126); for the females the increase i~ sianificant at nearly the 

five percent level (t • 1 . 92 , ~.f. • 34). These increases occurred pri-

~arily followinJ the PCB ban in mid-1977. 

Serum trialyceride values (± the standa r d error) for males are 

shown in Fiaure 13.2 arranaed in 5-year aae aroups. They are compared 

to the means (solid line), medians (dctted line) and the 5th a~d 95th 

percentile foul'.d in the Lipid Rcaearch Clinics prcval...,nce study. (l) The 

avcraacs for the aae croups arc: well within the 95th perctntile and 

appear to confor~ to the aeneral curvature of th ~ s standard. Althoush 

the analyti~al ~ethodolo-v in our study (enzymatic method usina a 

discrete analyzer} was different than that used in the Lipid Research 

Clinics Proc~am (Tcc:hnicon Autoanalyzer; fluorimetric method), it is 

unlikely that ~ethDdoloay could account for the ~lcvatJons observed. 

The data for the male subjects arc presented also usina loaGrithmic 

trrnsformation beceusc of the hiahly skewed distribution whi"h normally 

occurs with trialyceriae values and which is apparen t in the LRCP data. 

The data points arc somewhat erratic which is prob r. bly a fuuction of the 

e~trcmely hish . alucs found in some aae aroups and would be further 

elevated if accurate nwncric:al values above 400 mams/100 ml weu: ev11i1-

able. In the statistical analysis loaarithmic transformation ~ill b~ 

used for the trialyceride vc.luu . Hulley et aJ. ( .l) have recellltly used a 

1 Pluma Lipid Diltributions in Selected North America11. PopulatioJu: The 
lipi.d Research Cl inlcs Prosram Prevalence Study. Circulation !Q. 427 -
439. !979. 

2 Jfulhy, S.F. , Rosenman, R.~ •• Baw~l , R.D., and R.I. Brand. The auocia
tion betweea triaJ.ycerides and cori)!Ui'Y heart disease. N.E.J. Ned, !QL: 
1383-9, 1980. 
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5imilar procedure in a ~t ~dy of the asaociatiou of trialycerides and 

corooary heart diaease. Persuasivc · evidcnce wa' not found. 

The Lipid Research Clinica study indicated a aicoificant elevation 

of serum trialyceride levels for females takina estroaena. In Fia-

ure 13.3 the solid linea (marked E) are the curves associated with 

e$troaen use and the dotted lines the nonusers. The eiaht subjects 

composina the data points at 33 and 37 years have complic~ted aynecoloa

ical histories. All are married but in the interim between 1976 and 

1979 there have been two hysterectomies and thre e tubal liaations. 

Prior to 1976 all but five apparently took estrogens for birth control 

and since then 2 have continued on estroaens. In addition, six of the 

eiaht subjects are judaed obese. 

The elevated trialyceride values found in these youna women are 

therefore interpreted as rel' lectina estroaen medication and/or obesity 

and are seen to fall closer to the estroaen standard curve for females. 

The elevations in serum trir!yceride levels in ~ur population, 

therefore, appear to be primarily confined to the males, 

In Fiaure 13.4 is show~ a scatter plot of the individual male serum 

trialyceride values in 1976 and 1979. Vain& the LPCP Jtandards two 

populations can be define~; those withic the !th anJ 95th percentile 

(normal ranae) and those elevMted aLovc the 95th percentile. Bistoarams 

of these normal and abnormal populations are shown in Fiaure 13.!, Jn 

both cases the crossover poi n t bfta been in the reaion of 

~00 mJml/100 m}, fbL£e are 6-10 percent false nea•tive ValUeS, pri

marily amona the ynQnaer ~•ployees, a~d ~-6 percent !alae poaitivea, 
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primarily amona the older caployees. 

Twent}-five percent of ~ total of 141 male employees (35 sobjects) 

were jodaed £bnormal by the LPC criteria ia 1976. Of these one subject 

was not repeated, 24 subjects re · • elevated and 10 decl iDed to the 

11ormal ranae in 1979. Elevc11 r.ubjects showed elevations outside the 

normal ranae in 1979, The total study populatio~ declined to 126 

(10.6~) ia 1979 so that the percent of ab~ormals rose to 28 percent. 

Serum Cholesterol 

Histoarams for the serum cholester~l values !or males -and females 

in 1976 and 1979 a•e shown in Fiaure 13.6. The mean value for rach 'ex 

declined between 1976 and 1979, ~decl i ne which was st•tiatioally sia

aificant a the 1 percent level. Notice thftt the arithmetic means and 

the ~edians are nearly identical indicatin~ a predominantly norm~l dis-

tr;.bution. 

The value! are plotte1 as a fUD~tion of 5-ycar aac increments in 

Fiaarc 13.7. Except for. a few points involvina individuals with very 

hiah or low values, the data fall wf thin the 50th and 95th percentile of 

the Lipid Research Clinics standar~. For the females the values are 

elevated beyond what aiaht be expected from cstroaeu use. In contrast 

t,o the trialycerides, the LRC standards show the ~ean equidistant from 

~be Stb and 95th percentile attcstina to the normal distribution of this 

data. 

Jn a ·umbllaa the data for the 111sJ.u in i-'laure 13.7 the procedure 

consisted of avcraaiaa the data by aae cells in 1976 and then averaaina 
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the same arocp in 1979, •ovina the ~oi u t 3 years on the a ae a x is. Thus, 

there appears to have been a sy s temati c dee l i ne i n avera ~ e eholesterol 

in all aae aroupa aaona mal e s. The num oe r of i ndividual s with values 

areater than 300 •ams/100 ml, however. remained r~latively eonstant at 

about 14 percent of the total population. 

Fostip& Blood Glucose 

Histograms of the fastin& blood slacosc values in 1976 and 1979 are 

compared in Fiaure 13.8. A paired t-tcst of 162 values showed that the 

apparent deeline in 1979 was s tatistically sianifieant (t • 3.162, p < 

0.001). 

Although the distribution is apparently lugnormal (Piaure 13 . 9 ), 

careful examination reveal an inflection point at around 70 pe r ce n t of 

the population. The 197 6 distribu t ion bas be e n analyzed araphi cal ly by 

the method of Uard i ng(J) as modif i ed by Cassie( 4) u sing the c um ul a t i ve 

percent•ge plot (F i aure 13 . 10) and can be con s trued a s b i modal with one 

populAtion mean at 103 mam,/DL and another at 122 ma ms/ DL . The data 

suaaest I c~t-off at 115 . ~ams/DL (83 percent). 

The Metpath sf:uuard indi-::ates 13C m:ms/DL as an upper lim i t of 

normal. lloweve l' , us.ina tile 115 mams/DL cut-off, 42 ir.uiividual s at one 

t i me Gr another over the 3-year period (1976-1979) showed an elevation 

in !astin& blood suaar. Five individuals had be ~ or we re d i a gnosed as 

-nardina, J.P. The ue of pr obability paper f or the a r e J~ hic analysis of 
polymodal frequ ~ ney dhtributions . J. Marin i ol. Auoc. (U.I.) ll: 
141-153. 1949. 

4 Cassie, R.M. Some \IUS of probability papr.r in the analy • h of siz.e fre
quency diltr i butiou. Australian J. Ma ri ne aud Freshwater Rea. ,1 : 514-
522, 1954. 
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diabe;tics. Two individ,,ah bad alcohol probleMs, One individual had 

had a pituitary tu.or treated suraica!iy hu ~ remain : ~ ob~ae. Three sub

jcctli w\'re thousht to be non-fastiD~. C,M: indivional •u an epileptic 

under intensive aedicati~n . 

r ·r ~ DJ these subjects yields I &roup Si1e approximately as calcu

late1 (~0 v jS). P~~~-prandial alucose levels were determined at tw~ 

hours fol ~ owina a hi&h fat, blah ~ ~ rbohydrate m~al in 19 rcmainina sub

Jects ani. these valu_ , were within normal 'illlits, In acneral, subjecta 

sh ~•i~' one fastin& sample which was elevated had ~ &ior or aubaequent 

F~plu within criteria. On'v two subjec:.ts had repeated fastina eleva

Uons but normal post-·· •. · ~nd;a .. 'tilues. 

Fastin& blood aluco'e leve ls increased with aae at the rate of 

1.87 mros/DL per decade (fiaure 13.11) wbic:b is in ac:c:ord with the 

1 ite · ature. (~) Glucosuria was not oburved. 

Serwt uric acid levels in this popula.tion wtre normally diatributed 

wjtb a mea~ of about 6 ma~s/100 ml, and showed essentially no chanae 

~ et..· een 1976 and 1979. AlthouGh the normal textbook. ranae is 

1-7 mams/100 ml, : t~ Me t path r = n~ e extends from 3- 9 mams/100 m1 risina 

with aae. Our valu~,. therefore, la within the normal ranae for their 

procedure. 

~Muck. Manual 13th Ed. 1977, PI· 1291. 
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Munres or Bolty Wciahl 

Body weiaht and heiaht were measure~ without shoes in indoor cloth-

ina as a part of the aedical examination in 1976 and 1979, One of us 

(M.R.) evaluated each individual with r'spect to body frame (small, 

medium, •~d larae), Pree~ploy~ent weiaht and height waa also available 

on 91 subjects, primarily employees hired within the !aat ten years. 

althouah the nature of the dress on these occasions is not known, 

We have evaluated body weiaht in teras of relative weiaht, as the 

body mass index and as tot1l body fat. 

Relative Body Weiaht 

Body weight at constant body heiaht (determined in 1979) tnd frame 

•·ere ccmpared to the m1ximum ''desirable'' body weiaht and tht: 1veraa~ 

body weiaht as a function cf age usina the Metropolitan Lif~ Insurance 

d t 
(6) 

a a. While such differen~es provide a measure or under- and over-

weiaht, they are no t (7 8) • aood anide to obesity. ' However, whe n the 

same standard is used throuahout, cha~aes in body weiebt 1nd population 

weight distribution CID be IIICIICd. 

The usulu r,l. a new study (Build an~ Blood Preuure Study, Associ ~ 

ation of Life Insurance Medical Directors, Society of Actua r i es, 1979) 

6 Nu Weiaht Standards !or Men and Womer.. Statistical Bulletin, Netror oli
tan Life In sura nee Co . .!Q: 1-4, Nov .-D::c. 195 9. 

7 Gun~e, F. Aueument of body fat iD men. In .Qk.u.lli la .f.!.u.pes;tiv.t. 
Procccdinss of th.: Con!crence. Ed. G.A. Buy et al. U.S. Printha 
Offic~ . Stock No. 017-05l-00046 - 9. pp. 189-20~. 

8 Seltzer, C.C., Stoudt, B.W., Bell, B., and 1. Mayer. Reliability of rela
tive body weiaht as 1 criterion ·for obesity. ltzr.. ], Epidem. ii.,: 33~-!SO, 
1 ~70. 
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will probably reault in an upward revision of these 1959 standards of 

~ from 10 to 12 lbs. 

Hiatoarams for the calc and female population& in 1976 for body 

weiaht and hciaht arc shown in Fiaure 13.12. The data are normally dia

tdbuted. The population wei1ht aean for males was elevated with 

respect to mean heiaht and aac (+8 lbs) but that of th~ female popula

tion wa' not. Fiaurc 13.13 shows th~ individual subjects' w~iaht as 

compared to the ''desirabl~'' weJaht for their hciaht and frame. Fifty 

percent of the total popul1tion we~e above the ranae for larae framed 

individuah. 

Pre~mployment weiaht wos obt1ined on 91 individuals. In Fia

urc 13.1• histoara~s are used to compare these preemployment weiahts 

(huvy 1 inc) with those found in 1976 (liaht 1 inu) in terms of the 

stand1rd ranaes of dcsirablr. weiahts. At employment 51 percent of tbe 

males and 62 percent of the females had body wciahts within or areatrr 

than the dL~irablc ranae. In 197~ 80 percent of males and 85 percent of 

females wcr~ at or above the standard. A paired t-test showed this 

weiaht aain to be sianificant at the O.UOS level. The weiaht aain con

tinued between 1976 and 1979 for ~ales (t • 2.83 , d.f. • 128; p ~ 0 , 005) 

but no t for fcmalu (t • 0.82; d.f. • 35, I>) 0.20). Linear rearusion 

(Fiau : es 13.15 and 13.16) s~owed that the wciaht aain in malea was 

correlated with service time (r • 0.37, d.f. • 90, p ( O.~l) rather t~an 

''' (r • 0 .07, p > 0.2). In those a•inina ~ciaht the increase appeared 

in the first S ye1rs of employment. While ~ale body weiaht remai~ed 

elevated in all aroaps, body weiaht in females tell to a minimum between 

a&e 40 and SO, perhaps ls the result of conscious dietina (Fianrca 13.17 
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Pia•r• 1).12. liatoar~• of body welabt aad ba ~ ab ~ for aalea lao!ld 

Uu) uul haaha (do \ led lbe) of Sndy Groap 1 111 ]f',l 6, IIIah aacl 

faaale aaaoa aad ataadord deYiatloaa at••• Ia tbt taaeta. lllaaDI aD~ 

aed l· aa ara eqoiYalaat IDdlcatloa aor-al dlatrlbottoaa . 
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,, •• ,. lJ.l). Co.pariaoa or iadl•idaal ~ody ••labtl wlt~ ''d•alrabla'' 

body ••labta for ladi Yidael ~•iabt aad r, •• a . l&aa•• for •••l .. 

fraa• (aol id 1 baa~: apper Halt fur ll.ra• hue nd lvwn· ll•it for 

~all fraae (dotted lise). Fifty perctDt of worl•r• wert a~o•• ~. 
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and 13.18), when co~pared to U.S. vital atati5tics in 1966.( 9 ) 

Tbe relative body veiabt data is summarized in Table 13.2 in terms 

of percent of both the 1959 na ~ ional averaaes and desirable weiaht. ( 6 ) 

Body Mass 1 nd e_;1 

We have calculated the body mass index (Quetdet index) ~or our 

subjects using W/H2 for males( 9 ) and W/n1 · 5 for females( 9•10) This index 

is hiahly correlateu with weight and aenerally independent of heiaht. 

Althouah aood correlations have been obtained between this index and 

skinfold thickne11 ( ~ • 0.8) and body density, it probably is not snpe-

( 7) 
rior to relative body weight as a predictor of fatness. 

The body mass index calculations for both males and females and the 

population are r. ho•·n in Table i3.3. There was a statistically signifi-

~ant i ncrease in this inde~ in males between employment and the 1976 

study and th~ ~cans were sianificantly higher than those calculated fro~ 

the insurance averl\ges (Ml..l Sttl (6)). Th e increase for females was sig-

nificant at the 3 percent leve!. In 1976 arrl in 1979 the increases were 

rot signif icantl v different, l'Y::rwever . fran the insuran:::e averac;u=~s . 

Figure 13-19 shows the relation betwe~~ the oreemoloyment and 1976 

values a s canpare::l_ to the insuran::e averaaes calculata:l for each irrlividual. 

9 National Center for Health Statiltica 1966. U.S. HEW Vital Health Stat. 
Ser. 11 (4). 

10 Keys, A., Fidanz.a, F., Karvonen, M.J., ' l a l. lndicea of relative wciaht 
and obesity. J. Chronic Dis. 1,1: 329-343, 1972, 

11 Rreus, 
pr·essure 
19tl. 

(. • Za c k.. M. W. , I i a: b r o u 1 h, R. D. • e t 
and polychlorinated biphe11yl levels. 

al. Association of blood 
J. A.M.A. 2 4 5 : 2 50 5-2 50 9, 
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Table 13.2 

RELATIVE QODY WEJG tiT 

Table 13 .2. Relative body weh:ht in males and females of Study Group 1 as a percent of 
both nitionlll averaces and desirable weight.'t•l Details of calculation in Table. The pt':"

c:ent upected is calculated from Tables I and II of Ref. 6 indlcatlne that the males are 
sli&htly over and the females sllchtly under these standards. Preemployment c:alculations 
are incomplete. 

Males N 
Preempl. 91 
1976 152 
1979 136 

Females 
Preempl. 29 
1976 42 
IY79 38 

Over/ Underweight • 
(% of Nat. Averages) 

5.00 ± I 3.9 
2.76 ::t 14 .2 

-1 .49 ± I 8.4 
-3 .24 ::t 20 . I 

Over I Underweight•• 
(% of De~irable Wt.) 

2. 12 ± 10.9 
I 1.1 ± 12.6 
9.57 ± I 2.9 

5.82 ± 12.6 
14 .9 ± I 7.9 
14 .1 :t 20.2 

% Expected""" 
Over/Underweight 

6. I 6 ::t 6.9 
6.93 ± 6.5 

17.2 ±8.7 
18 .6 ± 7.9 

• Observed body weight - Metrop . Life average body weight x !00 from 1'able 1 of Ref. 6. 
Metrop . Life average body weight 

.. Observed body weight- Metrop . L.ife max . desirable weight x IOO frorr. Table 11 of Ref. 6. 
Metrop . Life max . desrrable weight 

••• Metrop . Life average body weight- Metwp. Life max . desirable bc dy weight x 
100 

Metrop . Life max . desirable body weight 
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Table 13 .3 

BODY MASS INDEX 

Tab le 13.3. Mean body mass Index (±S.D.) for Study Group 1. Males • /H2; female: -
\ 

1 1 s. The index has been calculated from Ref. 6 (MLI STD) . A t-test of the means 
sho"·s both males and females l r) be significantly elevated between employment and 1976 
and tha\ the males are sl.:nificantly elevated over the MLI standiHd. 

Male (W,H' x 100) Female (W/HU x 100) 

Preemplorment 3.43 ± 0 .38 n = 91 25 .48 ± 3.29 n ~ 29 
t = 5.25 t = 1.91 

1976 3.75 ± 0 .50 n = 152 27 .43 ± 4 .68 n = 42 p < 0.03 

I= 4.32 ' 0 .62 
MLI STD 3.57 ± 0 .11 n = 152 27 .90 ± 1.21 n = 42 

1979 3.70 ± 0 .52 n ~ 136 27 .29 ~ 5.17 n = 38 
I = 7.36 t- 1.16 

MLI STD 3.60 ± 0 .086 n = 152 28 .24 = 0.97 t1 = 42 
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Fiaurc 13.20 abowa the indiv!dusl v~!~ei fo~ !he body mas~ indez 

e for mile' I~ I function ?{ aae. They are compared to a ·f.tudy by Khosla 

and Lo~c(ll) of 5000 workers in an electrical industry in Enalaud in 

H67. (6) 
The inaurance a ·,r~~•aea arc shown aa a dotted lin&. Our data 

appear to be encompassed by ± 2 SD. The elevation of the body maaa 

inde ~ (3.75) over the insurance avcre~ca ~ 3. 57) and that of Khosla and 

Lowe (population mean • 3.50) sua&c•t• that 1ny overwciabt in our popu-

latioc cannot be du e to 1 arc1t r • h~iaht . 

T1blc 13.4 shows the resul t s of the ~ ody f1t calcul1tion as the 

perctnt of body weiaht 1t e~ploy~ncnt and in 1976 and 1979. Body fat 

c1lcul1ted from insur1nce aver18e weiJbts for heiaht and 1ge 1re compa-

ra These d1ta (and the p~·eceding diHussion) indica~e that our /-.., l1tion co~formed in most respects with insurance ~opulation averaaes 

r tic~l1rly in view of the impendina revisions. While our population 

e~ ce~ded desirable weiaht levels, the averaae weight gsins represented 

only 65 percent cbemic1l fat< 13 ) and were modest . A por i n ( the 

population, however, was ()be.e by all st1ndards. 

We h1ve used body fat as 1 percent of body weight as an inuep~ndent 

variable in the statistical anwly~is of our PCD data which we now con-

sider. 

12 Khosla, T. and C.R. l.owc. Indices of obesity derived from bo~y ~dgl.t 1nd 
heiabt. Brit. J. Prc-v. Soc. ~led. ll: 122-128, .1967. 

13 Siri, W.E. The o· oss composition of the body. 
Physi c s !: 229-·280, 1956. 

Adv•n. Biol. and Jolel!. 
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'fltble 13.• 

BODY FAT AS A PERCENT Of BODY WE!G~T 
FOR STUDY POPULATION 1 

Table 13.4. Body !at as a percent of body weieht for Study Group 1 for males and females. 
Also sho~· n are the chanaes In percent body fat between preemployment ana the study 
periods (J 976 aild 1979) and between the study periods. The are. test chan&e occurred 
between employment and J 976. 

Males Females Total 

N x : so N x .: so N x ±so 
Preemployment 91 16 .0 j: 4.8 29 18 .1 j: 4.4 120 16.5 j: 4.8 

1976 152 21 .9:t7.0 42 21.6 j: 5.7 174 21 .9±6.7 
197~ 136 21.7 j: 6.9 38 21.8 ± 6.2 174 21 .7 j: 6.7 

Pr~E -1976 91 +4 .8 :.t.: 4.6 29 + 3.4 :1: 3.9 
PreE-1979 83 +4 .9 j: 4. ,~ 27 + 3.2 j: 5.8 
19'16- 1979 136 - 1.4:2.6 38 -1.5 j: 3.2 
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~ Stttistical_Analyaia 

Statistical analyses ~ere perf~rmed on a Honeywell 600/6000 com-

puter usin& available •ime-sbarina applications proarams provided by the 

manufacturer. The proarams ~ere periodically checked uaina library 
. ( 14) 

&Ulde examples or problem~ iu textboota. Ma~y of the variables are 

loibOrma!ly distributed, and this assumption ~as validated usna the 

(15) . 
W· · teft incorpor11ted 1n theu pro&riJIIs. 

~lajor use was made of a versatile aeneral Hatistical packaae STAT

PAt'16) wllich has ~ome c! the capabilitles of the more widely L<sed BNDP 

series. Thi, packaae ha~ been used for dist~ihution plotti~g. cross-

plots, and muJtiple line~~ regression, including both forward and back-

~ard step-~ise regression. Tbe capability is availahle to handle cen

sored data by maximum 1 ikel ihood analy~ir; (l 7 ) which we have ued in the 

anaJysis of the p, p- ODE values of 1976 and the 1979 s~rum trialy-

ceride data. 

A principal problen: in Hatistical analysis in l!l uch cedical and 

epidemiological research is the occurrenct of multicollinear i ty, or 

linear dependence among the regressor variables. Tbe listing of t he 

14 Doneywell Series ~00 / 6000 Time Sharing Applications !.. i brury Guide Vol. I I . 
Statistics. Boneywel 1 Informatio n SyEt.ems, Inc. 1973 IDA 44). 

15 Hahn, G.J. and S.$. S!apiro, Statistical ~.1 lE. fn.&ineq;ju, Joh n 
Wiley, New York, 1967. 

16 Nelson , W.B., Morgan, C.B., and P. C11poral, 1 979 ('TATPAC Simpl if ir.d - A 
Short Introduction to How t o Ru.n STATPAC, a ge11e 11 1 statistica l 11chae 
for data anal)•sh. GE Corporate R at~d D Repor No. 78CRD276, Decemb r 
1978. 

17 Nelsor>, W.B., Estima ·~ ion of P1·oduct Life Distributions by Mar i mum Likeli 
hood Analysis of Cen~ored Data. GE Corporate R aod D Report o. 77CRD119, 
Mny 1977. 

l 
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major v•ri•Lles of this stndy (Table 6.1) indic•ted that there •rc 

•l~ost as many variabl s as individuals, particularl y when subsets of 

the popul1tion are considered. When be technique of multiple linear 

~egression is applied, it is often found that parameter estimates and 

generality of the e£timated model may be affected more by the multicol-

linearity exlstina 1mona tbe variab le s than by the relationship existina 

between Lhe response varia~le and the · rearessor variables. 

(18) A ~odel of this type i~ described by Nason, et al. as ''over-

d:fined.'' The analytical epproach requires either (a) ~odel ~edefini-

tion with some of the varitblts debted, (b) preliminary investigation 

using only subsets of the variables, or (c) a principal components anal-

ysis in an attempt to choose the variables t o remove from the ~odel. 

In Table 6. 1 variah~es of thi .• study are presented 1n physiological. 

group • We propose here to examine th u relationshipr between the popo-

lation vari ables an ~ metabolic parameters with a view to the revision of 

the r solts by subsequent stud i es of the other variable groups in a r cor-

dance with (b) ~hove. 

Ev~n w t hin vari able s ubsets multicollinearity persists, · owe bQ ve 

i nve stigate d prin i pal components (fa tor) annlysis to help choose sob-

set ariables fo r deletion from the model. 

There are other Eources o ~ mul t i ollinearity. The sampling proce55 

IIJIIY introduce coli ir.eari ty, for in11tance. Ou1· Hndy population, ho-

ever, h not <1niqoe and other s 1tudying the relations of PCBs to reares-

1or variable s have also e ncountered similar problecs. In addition, 

18 Muon, R.L . , Gun s , R.F. and J.T. Webster, Regreuion An11lysis and Pro e ems o! Mu lt,icol llG Hity, CoJ:IIJilu,n. in Statistic& <1(3):277-292, 1975 . 
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tbe ~ e may be physical constraints on the model irreaardleaa uf the sam-

plina technique employed, particularly ~ith respect to the many biochem-

ical measurements, ( 18) . . 
Mason c1tes examples in che~ical analysis where 

the sam of cert.ein constit~ents in a solution ml' St always be constant, 

althuuah the value of the individual constituents may vary. In our ~·~~ 

this question arises with resper.t to individual serum lipids 

(h i.glycerides + chulesterol} versus ~he uam of the lipids, the Aro-

clor :i242 UHl 1260 vtlues v~. their aom (total PCDs), and the indiv~dual 
crystalloids versus osmolarity, 

Another approach to the problem of multicollinearity is an auamen-

tation of the data base, particularl y when collinearity is related to 

sampling. In epidemioloay this approach may not be featible either 

~ because exposure conditions have changed, or the population cau~ot be 

recovered, Our two sequential examinations m~y permit some estimate of 

the s tabilit; of the collinearities over time in the same pr pulation. 

For t he present, analysis has only been extended to the 19 ~ 9 data, 

Factor t\nalysi! 

The cor r elation coef ficie n t mat rh for 27 variables is shown in 

Table 13.5. Coef~icients 0.3 tir e circled for convenie~ce. In the 

C< ·.1umn for HJ: L nd elsewher t. in this analy is) the data coding resulted 

in n ~ gative va!ues associated with females in this population , Hiah 

uorreletioo' ~ere evident betweeo certaio paira of variables: total 

hili r· ubiu/d i rect bil i ~ub i o (0.75), SGOT/SGPT (0.76), slobulln/A/G ratio 

(- 0.88) , i!l nu BUN/BUN/crea titdne ratio (0.83), 

3 0001 87 
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TABLE 13.5. CORRELATION COEFFICIENT MATRIX 

Table 13.5. Correlation coefficient matrix or biochemical param~ters of 
Stud)· Group 1 In 1979. Major possible usociQtions (R ~ 0.30) 
are encir~led fol usler Identification. Suspected colllnurltls han 
very hi&h values of k (0.7-0.9). 

SEX SER PFAT TRI CltOL BLS URIC TBII DBIL SGOT SGPT GGTP ALK 
SEX 1.00 

SER 0.0) 1.00 

PFAT e) 0.24 1.00 

TRI 0.10 0.13 0.10 1.00 

CHOL 0.04 9 0.20 8 1.00 

BL.S 0.02 0.27 0.11 0.26 O. ll 1.00 
URIC -e -0.10 -0.10 @ 0.09 0.01 1.00 
TBIL - · 0.26 -(I ?S -0.20 0.10 om ~ . IJ 0.26 1.00 
DBIL -0.12 -0.16 -O. IJ -0.09 0 01 0 .01 O. IJ @ ... J 

SGOT -0.12 0,(14 0 .0~ 0.16 0.09 0.07 0.27 0.1¥ 0.09 1.00 
SGPT -0.19 001 O.N 0.27 0.15 0.12 

~ 0.11 0.0~ ~1.00 GGTP -€~ 0.12 -0.09 ~G)'" 0.11 0.11 8 1.00 ] 

ALK 0.01 0. 11 009 0.11 ~,02 0.04 0.().4 O.OJ 0.17 0.17 0.29 1.00 
LDH 009 0.0) 0.11 0 12 li .IJ 0.16 .uo 0 .05 0.20 0.20 0.1 ~ 0.20 
TPI\0 -0 .0~ 0,02 0.05 8 0.26 0.03 @ 0.22 0.14 @)@) 9 0 . ~~ 
AlB -0.17 ~ . 1~ 0.26 0.:>5 0.04 n.o2 0.2) 0.22 O.B 0. 1~ 0.1 J 0.09 O.OJ 
GLOB 0.07 0.16 0.21 @ 0.11 0.14 0.16 O .o~ 0 .12 0.21 0.27 O.H 0.26 
A/uRAT ru J 0 . 1~ o .~s 0.22 0 .21 0 .16 -0.04 0. 11 0 . ~ 2 0 . 1~ 0 .12 0.24 D .• a 
BUN O.IJ 0.21 0. 17 0.21 O.:I J 0.22 0.2) 0 ,01 0.02 0,07 0.17 0.09 0.02 
r r.e @ 0.29 006 0.01 0.01 0.10 8 0.19 0.09 @ c 0.21 0,02 
8/CJI.AT !l.06 0.15 0.19 0.]1 0.2) 0.211 0 0] fl ." O .o~ 0.12 o.c. 0.06 0.02 
NA 0.14 0. 10 0 . 1~ :1 .0] () ,0 1 0.02 D.l 2 D.IO 0.04 O.OJ D.OJ 0.04 0.10 
K D.1 l 0.12 D.OI 0,0] 0,0] 0 08 0.02 !! .09 D.09 D.IJ 0.02 0 (I~ 0.02 
Cltl 017 0 .06 0.1! 0.0] 11 .06 0 07 ~ . 16 0 .2~ 0 .20 D.11 ~ .01 1\ .: I O H 
CAL D.o 0.09 D.OJ 0.21 0.19 0 i4 8 0.0'1 n .o~ 0.22 0.25 0.20 O .t' ~ 
PII CS (I I ~ Do. 0 OJ fl .OII fl .Ob fl . IO ~ . 1] D . ~ I 0 .19 0.04 0,02 O.OG 0.02 
~AE 0 .01 0 ; J 006 0 II 0. 15 004 0.05 0.05 D.07 0.1 J 0,07 014 0.27 

00 01 8 
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THIS IS THE RIGHT PART OF TABLE 13.5 

LOll Tf'RO ALB GLOR AIGRAT BUN CRI:: BICRAT NA IC CHL" CAL PIIOS MAG 

1.00 

O. IS 

~ 0. 11 1.00 

() 02 0.22 1.00 0 

0.06 CJ.J2 80 1.00 

0 .03 0.27 0 II ot o 004 1.00 

0 0) 019 0.05 0. 11 ~,03 0.19 1.00 

0 .06 0. 11> 0.06 0. 11 0,03 @)@l .oo 
0.03 om 0.02 ~ . 12 0.17 O.Q? 0.01 0.05 1.00 
0 07 0.01 006 0 .04 0.07 0.08 O.OCI 0,03 0.07 1.00 

0 .01 0 .10 0 .07 D.Dt> 0 .04 0. 11 0 .14 0.08 0 14 0.27 I.CO • O.Oi 8 @o. l7 0.04 0 IS 014 0 08 014 0. 19 007 1.00 
004 0 I 3 0. 14 004 0.03 0 .07 0.01 fl .Ot> 0 t:l f) 12 o.os 0.16 1.00 
0 19 0.21 0. 13 0.10 0 01 0 . 1~ 0. 16 o.os o 1s @o.1o 0.22 0.01 1.00 
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The FACTAN proaram waa e•ployed to perfor• a factor analyaia uaina 
187 

the corrrlation matrix from Table 13.6 as the input (aae baa been sub-

stituted for service). In thia example PCB serum and body burden valuoa 

as Arococlo r 1242 and 1260 have been incorporated. Nine factors were 

identified f r om the rotated factor loadinas. The variables associated 

with each fa ct or ~re boxed. It is apparent that the various mtasures of 

I n Table 13.7 the variable list has been reduced. Only serum total 

P~.-'Bs (sll::l of Arocl~r 1242 and 1260) is used. The A/G and the 

BUN/c r eatinine ratios ha ~ e been removed. Seven fa~tors are identified: 

Factor 1 associat:H PCFs, trialycerides and cholesterol; Far.tor ~ 

invdvu .Primarily the livez euz.ymes. Separate factors are ~ de:i.ltified 

for b i lirubin, no~proteLi nitro&en, blood su&ar av · album i D. Total 

( protein and globulin are most strongly 

e enzymes. Sex and percent body ht are 

as1ociated with th~ liver 

interrelated. 

Regression Analysis 

Based on these and other studies the followin& approach was adovted 

for the re&ression analysis: 

a. We selected measures of PCB level, sex, service and percent body 

!tit as in ~ependent variables. Regressions were ~erformcd on each 

dependent variable using 11 single estimate of PCD level, either 

~> erum, adipose tiuue or body burd~n. as .~-1242, A-1260 or as total 

PCBs. In additior, levels of p, p' -DOE were used in the same 

canner either sinf,ly or in <:<>mbination with a l:ile .uure of PCB lev-

e 1 t . 
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TABLE 13.6. 

ROTATED f'.,CTOR LOADINGS 

e Table 13.6. 
Rotated factor loadlnes fr9m FACT AN an•lysls. 

The loadlnu for the nine factors identified have been reordered and !Hlxed for 
clarity. The factor numberina Is arbitrary. 

FACTOR NUMBER 
2 3 4 5 6 7 8 9 LBB42 0.95 0. 14 -0.05 -0.01 - ·0.01 -0.04 -0.09 0.04 0.09 

Li242 0.93 0.04 -O.OJ 0.01 -0.05 -0.21 -0.04 -0.01 -0.36 
LBB60 0.82 0.04 -0.06 0.17 0.15 0.01 0.26 0.11 -0.28 
Ll260 0. 78 -0.07 0.01 0.18 0.13 -0.19 0.30 0.06 0.08 
%FAT 0.35 0.21 -0.33 0.05 0.11 0.15 -0.34 0.50 -0.20 
AGE 0.27 -0.08 -0.38 0. 11 0.14 0.09 0.2.7. 0.33 -0.58 
CHOL 0.23 -0.10 -0.20 C., : -0.13 -0.43 0.19 0.39 -0.18 
LTRI 0.21 -0.01 0.02 u o· ·-0.0 l-0. 79] 0.01 0.28 -0.13 
LGGTP 0.16 0.43 -0.10 -\J.v" - 0.28 -0.50 0.25 -0.04 -0.23 
LSGPT 0.08 rrm -·0.01 0.15 0.0! -0.13 0.06 0.10 ·-0.15 
LSGOT 0.03 -0.03 -0.05 -0.06 -0.05 0.09 0.06 -0.09 

6 
URIC 0.03 0.55 0.14 0.19 -0.27 -0.27 0.37 0.09 0.08 
TPRO 0.01 0.52 - 0.13 0. I 6 -O.O'J -0.60 - 0.05 -0.10 0.19 
GLOB 0.06 0.35 -0.70 0.03 0.09 -0.54 -0.06 -0.14 0.02 
ALB -0.01 0.24 CIT:] 0.03 -0.06 -0.24 -0.03 -0.12 -0.07 
AIGR -0.03 -0.15 . 0 I I -0.12 0.33 -0.01 0.10 0.06 
LBUN 0.13 0. ) 7 0.02 Im1 0.01 -0.01 0.20 0.02 -0.07 ec 
LB/C 0.06 0.02 0.08 5 0.03 -0.02 -0.25 0.02 -0.06 
LTBIL -0.08 0. I 2 0.14 -0.04 [J]fJ --0 .06 0.10 0.07 0.08 
DBlL -0.04 0.04 0.06 0.01 0.10 -0.07 --0.08 0.05 

3 LBLS 0.04 0. ).) 0. 11 0.08 0.07 -0.13 - 0.10 -0.18 ffi6J ALK 0.05 0.15 -0.03 -0.10 0.15 Eiill -0.02 0.05 -0.01 
LDfi 0.01 0. 14 0. I 2 -0.01 -0.01 -0 .24 -0 03 (0 .79j 0.17 
CRE 0 15 0.27 -·0 .04 -0.06 -0.01 0.02 C£m -0.06 0.01 
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TABLE 13.7. ROTATED LOADING FACTORS 

Table 13.7. Rotatin& factor loadirags from FACTAN analysis . Correlation matrix has been 
reduced by elimination or all but one measure of PCB le~el, the A/G and the 
BUN /;~·reatlnlne ratios. Se"en factors were ident ified . 

FACTOR NUMBER 

2 3 4 5 6 7 
(Serum PCB) 0.02 -0 .17 - 0.03 -0.20 0.03 -0.02 

.... TRI 0.24 0.08 - 0.06 0. 10 0.11 0.04 
CHOL 0.09 - 0. 16 0.08 - 0.20 - 0.13 - 0.04 
LGGTP till 0.24 0.21 -0 .10 - 0.08 - 0.20 
LALK 0.40 0.33 -0. 23 0.35 0.01 0.16 
SERVICE -0.10 -0.03 -0.17 0.51 - 0.21 - 0.38 
LDH 0.12 - 0.23 - O.l,l - 0.08 0.34 0.56 
GLOB 0.67 - 0.11 - 0.17 0.19 - 0.37 0.01 
TPROT 0.73 -0.02 0.04 0.11 0.2 I 0.13 
LSGOT 0.79 - 0.07 0.05 -0.20 0.06 - 0.06 
LSGPT 0.76 -0.05 0.08 ·- 0.30 0.1 I - 0.05 
URIC 0.58 0.28 0.22 ·- 0.39 0.20 0.14 
SEX -0.12 [;]] - 0.13 0.24 0.05 0.06 
% FAT 0.17 - 0.12 -- 0.08 - 0.14 0.03 9 
LTBIL 0. 13 0.17 rnn -0.03 0.11 0.18 
DBIL 0.03 0.05 3 0.08 0.01 - 0.03 
LBUN 0.13 - 0.03 - 0.02 brill 0. I 8 -0.09 (e CRE 0.25 0.76 - 0.02 7 - 0.14 0.16 
LBLS 0.12 -0.04 - 0.12 -0 .06 0.26 ( - 0.791 
ALB 0.14 0.17 0.08 -0 .01 [[]]] 0.08 
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b. Tri a lyce~ide w were used as a depende~t variable either deletiLf the 

data cases •dth ) 400 r.aau;/DL o~ usin& the result• of the a.a.zi111wn 

liielihood techni~ue for censor~d data. In the . latter case the 

~rogr am d1d nat pYcv!de F-ratios and other s · •tistics of the fit. 

A sprecd factor (standard drviation) only was calculated. 

c. Regressions were performed as a total reare~sion and then checked 

usina the backward atepwise procedure, The resi~, als were 

evaluated in eacb case for nor~ality, Partial residual' we~e 

obtained when the 111azi•wn likelihood technique was used. These 

pl~ts are helpfuJ in testina the ass0111ption of a linear lllo4el. The 

position~ of the censored dtta in the plots were also ezc111in~d. 

They we~e found to be ran~omly distributed. 

Rupl t-1 

The results of thrse analyses are presented in Tables 1~.8- 13.15. 

The entries in the tables are the coefficients of the rearession equa

tio~s and tbe stars indicate statistical ~i&nificance of the in~ependent 

variable equal to or ar~ate~ tDan 95 percent, i.~ •• the 95 percant con

f ioen e li~its of the coefficient did not include rero. 

The data may be summarized 11 follows. 

Serw; Irialyeerides 

There was 1 sianificant poaHive association between loa aerUIII tri ·-

ilycerides and loa s~rUIII PCB ltvels either as Aroclor 1242, Aroclor 1260 

or total PCB (Table 13.8). Equivalent relations were found uaina either 

the maximum likelihood technique or with deletion f datR caaea with 

• 
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TABU: 13.8. TRIGLYCERIDES VS. SERUM PCB OR DOE 

Table 13.8. Muhlple llnur rearesslon study Gf serum trlclycerldes as 
d .. "''!ndent nriable. Independent nrlabl~s: Sl!rum PCU as total PCBs 
(. oclor 1242 + 1260), L-PCBs and H-PCBs: serum p, p'·DDE; 
percent body ,.t, sex and senlce. Two cases are shown: lhe maximum 
likelihood estlmalt of serum trltlycerldes (MLE) and tho! case where 
trlalyctrlde values ~.COO mr:ms/100 ml are deleted <DELETED). The 
coefficients or the rearuslon lHe aivtn: stars Indicate a sianlftcance 
at the S percent level or b~Uer. Uslna the maximum likelihood estimate 
the connntlonal st tlstlcs of the ftCied ~qution cannot be calculated: 
a sprud factor o11ly Is Gbtalned (entere" 11nder S.D.). 

N COEFFICIENTS STATISTICS OF FIT 

TOTAL PCB's 

MLE• 

INT~RCEPT PCB/ODE 'K. FAT SEX 

-0.219· 

SERVICE F·RATIO SO R R2 
I 31 

DELETED•• I 20 

L·PCB 

MLE 156 

DELETED 143 

H·PCB 

MLE 126 

DELEYED 120 

DOE 

MLE I S6 

DELETED 143 

1.66 

1.68 

1.67 

1.68 

1.80 

1.79 

1.78 

1.83 

0. I 68• 

o. 1 ss· 

0.1 56. 

0.1-46. 

0.222" 

0. I 97• 

0.287• 

0.194· 

Q MLE • Maimum Likel ihood Estim•te 

0.013• -0.002 0.213 

0.008 - 0.133• -0.0008 

0.014° -0.224. -0.001 

0.010• -0. 1-4-4• -0.0005 

0.012" -0.156. -0.007• 

0.008 -0.096 -0.003 

0.01)• -0.197• -0.002 

0.010• -0.138• -0.0007 

~ . 29 

8.JO 

6.39 

6.-46 

0.188 0.424 0. HlO 

0.207 

0. I 82 0.440 0.194 

0.208 

0.188 0.•426 0 . 18~ 

0.203 

0.186 0.397 c .1 sa 

•• TRIGLYCERIDE .. ) >-400 m&m/100 ml deleted 

191 
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> 400 mams/100 ml, except for the correlation witb percent body fat in 

the case of loa to -: .l PCBs ud loa A-!260 which hll below the 95 per

cent sianificance. Aa e~uivalent association was found with p, p' 

-DOE. The laraest F-ratio ea~ found with loa A-1242. 

When PCB 8nd DOE level! were stated 11 distribut J in serum lipids 

(sum of tdJlyceridet and cholesterol) the joa aerwa trialyceride level 

was not sianiiicantl~ oependent on loa serwa PCBs or ODE (Table 13.9) 

but wu auocfahc! wit}~ t '.J e re!c:ent body fat. 1'hen !t·CDs and DD£ were 

stated a ~ b,u dy l-. ~ - ,. ··· ('Table 13 .10) loa &erWii trialyceride level wu 

i i&~ifi D ~ :·t l ! ~~ptnd~nt only when the percent body fat was removed as an 

t ·tl epencient variable in the case of the Aroc1 12~1. There was no 

aasociation of loa serum trialycerides and loa f: p' - DD£ body burden. 

In Table 13.11 we show the results obtained when both PCBJ a~d DDE 

are included 11 independent variables and compare the maxi~um likelihood 

estimates fer the total population to that for malea alone, ~nd the 

resulta of the backward atepwise rearessiop wh er e the serum trialyueride 

data cues involv ~na > ~00 m~lls/100 ml were dehted. For seraa lnela 

triaiycerides are aianificantly dependent on both PCBs aLd DDE. Loa 

aerum trialyoeridea were dependent on loa PCB body burden only when per

cent body fat was zemoved !rom the reareaaion. 

Loa serum ~ r ialyctridea were positively related t~ ,ercent body fat 

but neaatively related to sez, the latter ariaina because cf th• ~o•

p~ter codina where a neaative relation indicates a relation with ~ales. 

192 

• 
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TABLE 13.9 TRIGLYCF.RIDES VS. ADIPOSE TISSUE PCB OR DIJ£ 

• Tablt 13.9 . Same as Table 13.11 nct>pt calculated values for ~dlpost 
tissue PCBs a11d p, p'-DDE have bttn used. No slcnlfi::ant 
association between serum trl&lycerldu and •dlpon tissue values Wti~ 
round. 

N COEFFICIENTS STATISTICS OF FIT 
TOTAL rCB's INTEF.CEPT PCB/ODE 1!1. FAT SEX SERVICE F•RATIO so R Rl 

MLE 131 1.92 0.030 0.016" -0.222• 0.003 0.226 
DELETED 120 1.87 0.061 0.0 I J• -0.138• 0.0004 2.58 0.199 0.287 0.082 

L·PCB 

MLE '156 1.89 o.on 0.017• -0.232· - 0.0006 0.218 
DELETED 14) 1.85 0.063 0.011• -- 0. I 52" -0.00004 J .92 0.192 0.319 0.107. 

H-PCB 

MLE 126 1.98 0.020 0.015" -0.199• -0.00 1 0.223 
DELETED 120 1.94 0.043 0.01 :· -0.17.S• -0.0002 2.22 0.200 0.268 0.072 

DOE 

MLE l56 i .94 -0.012 0.018• - 0.229' -0.0004 0.219 
DELETED 14J 1.94 -0.044 0.014° -0.150 0.0004 3.29 0.194 O.:i95 0.087 
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TABLE 13.10 TRIGL\'CERIOES VS. PSC OR ODE BOO\' BURDEN 

Table 13.10. Samt as Table D.8 uctpt calculated values for PCB and • p, p'-DDE bodr burden han bten used. When perc:ent body fa~t Is 
eliminated u •n lndeper.dent nrlable, an assoc:latlon was found 
between the L-PCB body burden and the serum trlclyc:erides. 

N COEFFICIENTS STATISTICS OF FIT 

TOTAL PCB's INTERCEPT PCB/DOE %FAT SEX SERVICE F-RATIO so R R2 
MLE f FAT" IJI 1.98 0.030 0.015" -0.214" -0.0002 0.226 

s FAT"" 13 I 2.22 0.083 -0.093 0.001 0.2!3 
DEL ci-AT 120 2.01 0 .064 0.008 -0.121 0.0005 2.64 0.199 0.290 . )84 

sFAT 120 2.14 0 .094" -0.051 0.001 2.49 0.200 0.246 0.060 

l-PCB 
MLE '? t AT 156 I .97 0.037 0.016" -0.222" -0.0005 0.218 s FA.T 156 2.23 0.094" -0.094" 0.001 0.226 

DEL c FAT 143 2.00 0.066 0.010" -0.1 35" 0.0002 3.9" 0.192 0.321 0.010 
sF.A.T 143 2.14 0 .101• -0.053 0.001 3.5-4 0.195 0.266 0.070 

!:!.-PCB 

MLE£FAT 126 2.03 0.023 0.014" -0.192" -0.001 0.233 
s FAT 126 2.32 0 .093 -0.066 -0.001 0.21.8 

DEL ('FAT no 2.05 0.0..9 0.009 -0.115 -0.0003 2.27 0.200 0.271 0.073 
sF AT 120 2.2-1 0 .097 -0.031 -0.0003 1.90 0.202 0.261 C.047 

DOE 

MLE:(fAT 156 1.91 -0.013 0.018" -0 . ~33" -0.0004 0.219 
SFAT 156 2.37 0.112 -0.085 0.001 0.228 

DEL s FAT 143 2.21 0 .056 -0.038 0.002 1.03 0.200 0.48 0.218 

• "~• Body fat iricluded u independent vliriable 
•• % Body fat removed IS independent variable 
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TABLE 13.11. TRJGLYCERIDES VS TOTAL PCB's AND ODE 

• Table D .IJ Same as Table 13.8 ncept PCB's 11nd p, p'-DDE both 
inci ~~Jded as lndepuadenl variables and m11le d•ta has been analyzed separately. 
Backward step rerrssion <DELSTEP) showed a PCB body burder. and serum 
trl&lycerlde association only upon dele:ion or percent body far as an 
lndepend~nt nrlable. 

N COEFFICIE . TS 3TATlSTJCS 
INTERCEPT PCB DDE 'l'oFAT SEX SERVICE F· RATIO so R ~v 

SERUM ---
MLE i J I 1.57 0. 13 I" 0.257" 0 .009 ··0 .176• -0.002 0.201 
MLE. MALES 105 1.35 O. IS3" 0.236" 0.009 -O.OOl 0.216 
l'EL. STEP 12S U6 0.1 39• 0.2 22" 19.60 0.186 0.493 0.:043 

ADIPOSE 
MLE 131 1.92 0.032 -0.032 0.017" -0.824" -0.000) 0.226 
MLE. MALES lOS 1.60 0.062 -0. 111 0.018" 0.0009 0.239 
DEL. STEP 12S 1.94 0.014" -0.169• 5.90 0.204 0.297 0.088 

BODY BURDEN 
MLE(FAT I 3 I 1.92 0.0)2 ·-O.OJ I 0.016" -0.224. -0.0003 0.226 

~FAT I 31 2.32 0.068 0.072 -0.095 0.001 O.VJ 
MLE. MALES 

<-FAT lOS 1.49 0.062 
DEL STEP 

-0. 106 0.020" O.OOO!l 0.239 

l- FAT 125 1.94 0.01.:· -0.169. 5.90 0.20-4 0.297 0.088 
I FAT 125 2.10 0.102" 6.38 0.208 0.222 0.043 

• 
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Other Variables 

Serum cholesterol bas a positive sianificant asso~i .. ,ion with loa 

ser~~ PCBs and LDDE but nol when stated as adipose tissue or b~dy 

burd~n. Serum chnlesterol was service- and/or aae-dependent. Loa serum 

GGTP is associat~d with log serum tot 1 PCBs, primo~ily the Aroclor-1242 

component, but not with loa serum ODE. These same as sociations were 

found with body burden values (when percent fat is omi~ted in the 

r~gres~ion) but not with adipose tissue levels where the associa~i~n was 

with percent body fat. 

Table 13.12 is equivalent to lable 13.11 where both PCB and DDE ar~ 

independent variables and mal~s are analyse' separately. In the back

ward stepwise recressions loa serum GGTP was shown to be as~~ciated with 

percent body fat rather than PCBs when fat is included as an independent 

variable. 

In Tables 13.13-13.l5 a positive coefficient for sex was found in 

the case of LDH but the rearession equation waa n~t sianificant. A 

positive relation was also found in the case of Aro-1260, ODE body 

burdtn and cnolr.ste ~ ol which were statistically sianificant, 

Loa seru SGOT and direct bi! iruhin were neaatively bat not sianif··

icantly related to loa serum total PCBs, but these relations disappeared 

for loa PCB body burden. A number of variables were sianificantly 

related to body fat in the adi~osc tisKue rearesaio~ (Table 13.13): 

namely, the liver enzymes (GGTP, SGOT and SGPT), •~rum protei~• (total 

protein, alobul in) and :-onprotein ni troaen coast i tueuts (BUN, 

creatinine and ~ric acid}, 

7 
• 
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TABLE 13. 12 TOTAL PCBs AND DDE 

Table 13.12 San-e as Table 13.8 except PCBs aro f,p'-DDE both included as 
independent. variables and male data has been analyzed separately. Backward 
step regression (STEPALL} sho.led a PCB body :burden and ser.um GGI'P association 
only upon deletion of percent body fat as an independent variable. 

~ERUM 

CII(JL ESTEitOL 
MALE 
STEP ALL 

LGGGTr 
SH'PALL 

ADIPOSE 

CHOLlS'TEIIOl 
MALE 
STEP ALL 

LvGTP 
STEI'ALL 

BODY BUIIOEN 

CIIOLESTF.ItOL 
l'~AT 

MALE 
STE'ALL 

!f'AT 
MALF. 
STEI' F-.Ll 

L{jt iTr 
l'~ AT 

S!E,. 
.~fA'; 

STEP 

N 

Ill 
10~ 
131 
131 
131 

I ! I 
10~ 
131 
131 
131 

I )I 
10~ 
I) I 
Ill 
lOS 
Il l 

I 3 I 
Ill 
Ill 
IJ I 

INTEIIC'EI'T 

lOb ()7 
103 . 7~ 

llll.S I 
0 . ~17 
0 . \'~9 

170.01 
I49 .H 
?06" 

1.06 
1.11 

149.)0 
121 .S3 
201. ... 
lOI 39 
202 01 
206 16 

IH 
1.17 
I 47 
I 43 

COEfFICifNTS 

PCB ODE ~FAT 

24.17.• 
2) .btl• 
2~ .02· 

o.m 
o.1n· 

0 071 

B9 
7.10 

10 93 
10 . 1~ 

0 061 

0019 
0.116. 

40 . ~c· 
47 ••• 
4) . 7)• 

0 107 

- IC )C 

-I~ c~ 

C Ott 

-1! .11 
- 1!.53 

0 Ill 
0 171 

0 101 

0 Oil 

0.761 
0. 177 

0 009 
0.01 1 

2. 12 
1.96 

0.012• 
o.ow 

2.-« 
2.24 

0.010 
0.010" 

SEX 

-10.32 

-0.217' 
-0.301 

-11 .16 

-O.J 10" 
-0.317• 

- 20.79 

-1 .116 

- 0.29t• 
-0.317• 
-0.2W 

0.211" 

ST A TISTIO OF FrT 

SERVICE F·RATIO SO R R2 

Ul" 
ut· 
1.42 
0.00()1 

1.60" 
1.16" 
1.91 
0.001 

1.51" ..... 
1.91 
1.13" 
2 . I I' .... 
0.002 

0.00) 

1.07 
9.21 

13.37 
HI 
9.1?' 

393 
4 46 

14 .91 
4.61 

10.34 

3.9! 
4.41 

14.91 
4.01 
U3 

lUI 4., 
10.34 
5.13 
9.)4 

'~ b6 
41.11 

0.494 O.J.u• 
0 . ~19 0.269" 

<S.43 0.490 0.240. 
P.24l 
0.2C3 

0.43'1 0.191" 
O.Cll 0.179• 

Al .tl 0.)69 
51 J~ 0.319 
•• 94 0.323 

0.)41 0.395 
0.241 0.373 

41.11 0.369 
51.52 0.319 
4U4 0.323 
49 .17 0.l)6 
51.71 0.)61 
•• 94 0.323 

0.249 0.)9) 
0.24' 0.)7) 
O.HO OJ7S 
0.2!0 0.3 57 

0.136 
0.152• 
0.104• 
0.156· 
0.139• 

0.1)7• 
0.152" 
0 104" 
0.11)" 
o.uc· 
O. lo.t• 

O.IW 
0.139' 
0 .140" 
0.127• 
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TABLE :3.13 SERUM LEVELS 

T1ble 13.13 Mulllple lll!'lur rec resslon study of other biochemical strum • nrlabies, uch tak~n sln,ly lis the dependent nrlsble. .Independent 
variables are serum PCB s (total), Jttrcen1 body rat, sex and servke. 
Serum cholesterol and lo& GGTP were analyzed with serum L-PCB, 
H-PCB. and p, p'-DDE. The table entries ue the same flS 

Table 13.8-J 1. A number of slcnificant recresslons were C.·DSe..."'Voo not 
lnvolvln& PCBS which have l>een starred. 

"' COEFFICIEN7S STATISTIC> 

INTERCI::PT !>t:R UM '!I.I'AT SEX :·, :, V!CE F·RAT!O so It R.l Ti'CIJ 

CHOLESTEROL Ill 120.7fo :10.62' 1.47 -11 .00 D9' 7.67 4~ .92 0.442 0.196' 
LGGTP Ill 0 .9S~ 0.11 s· 0.01 1' -0.304' 0.00:11 6.14 0.24-C 0.421 0 . 11~' 
lSGOT !lO I.J9 -ll.OOI 0.006' -0.09S' -o 0001 I.SI O.lll 0.214 0.046 
LSGi'T llO 1.42 0.024 0.010' -0.177' -0.002 4.26 0.132 0 . .)46 0.!20' 
LOll IJ I IJ6.23 2.7. 1.00 Ul -O.IIl I.S2 12.39 0 .~ 14 0.1146 
LALKPII Ill I.J6 0. i.l O.OOl - O.OJS -0.002 1.45 0.112 0.21 0 0.044 
LTBIL ll I ··•·.073 0.1JI J O.OOl - cJ.J n· -0.004' 4.14 0.157 0.)65 0.1 ll' 
LDIIIL Ill -0.693 -C ~"i> -0.001 -0.011 -0.004 1.69 0.240 0.226 0.0)1'1 
TPRO Ill U7 t u~ 0.011 -0.224 -0.009 2.20 0.411 0.255 11.065 
ALB Ill 4.10 ' '1'12 -0.119' -0.009 -0.004 2.67 CdiO 0.210 0.071 
GLOB 13 I 2.11 0 fh\7 0.02l' -0.142 -o.coo5 3.23 0.312 O.l05 0.09P, 
LBUN Ill l.ll O.i'.' 1 0.001' -O. IOS' 0.0001 01 0.107 0 . .)47 0.120' 
CRI:: Ill f.20 ll.( ' 0.001' · ·0.209' 0.001 460 0.114 0.357 0.121' 
URIC Ill S6.60 I.'X.I 1.21' -26 .06' -0.22S lO II 10.00 0.625 0.391' 
LBLS 131 1.96 O.GOOJ 0.001 -0.024 0.001' 2.63 0 OSI 0.271 0.071 

SEI\ UM 
L.·f'CB 

CIIOLEST IS6 129.76 :l'7.(14' 1.4S -ID2 1.27 1.!5 45 .60 0.426 0.111 
LGc;TP 1~6 1.01 O.IW 0.012' -O.ll6' -0.001 9.37 0.241 0.446 0.199 

St:: r.IJ M 
II · ~ca 

CliOLEST 131 I 1fl .41 45.b2' 1.92 -7.37 0.349 9.13 46.06 0.474 0.225 
LGGTP I) I 1.01 0.098 0.011' -0.213' -0.0007 5.99 0.247 0.400 0.160 

SEI\ ;.:1,! 
DO £ 

CIIOLF,ST u" 155.•7 37 .39' 1.39 -11.14 1.21' ?.65 4S .95 0.411 0.169 
LCiGTP l ~6 1.11 0.056 0.013' -O . JJ~· 0.0001 7.43 0.246 0.406 0 . 16~ 

• 
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• TJ.BLE 13 .14 ADIPOSE TISSUE LEVEL 

Table 13.14 S~mr IS Table 13.13 except calculated adipose tlssL!e 
PCBs ani! p, p'-DDE hue bern used. There were no slanlfic:ant 
assoc:lttlons with PCBs of p, p'-DDE. 

N C'OI:.,FiCIENTS STATISTICS OF m 
I ~. TERI.'HT ADIPOSE 'lhFAT Sf. X SER \'I(' I:: F-RATIO sn R Rl TPCB 

CIIOLESTfP.Ol Ill 11\UI ~ .01 1.97 -17.11 1.6l ' 4. 74 41 .71 0.362 O.IJI' 
LGGTP I 3 I 1.06 0.072 0.012' -0.312' 0001 S.IO 0.147 0.394 0.1 S6' 
LSGOT IJO 1.40 -0.00) 0.006' -0.09S' -O.OOOC Ul O.lll 0.21S 0.046 
LSGPT 1)0 1.4S '.!.<109 0.01 I' -O. Ii7' -0.002 4. !0 o.m 0.340 0.116' 
LOll Ill 141.11 -0.617 1.0~ 467 -0.076 1.4? 32.40 0.212 0.045 
LALI:PJI IJI 1.41 0.021 O.OOJ -0.037 -0.001 0.7H O.IIJ 0.1~ 0.014 
LTIIIL I) I ··0 .0~1 0.0001 0.003 -0.157' -0.004' uo 0.15' 0.363 0.132' 
LDBIL IJI -0.71S 0.009 -0.001 -0.019 -0 oos U9 0.140 O.ll6 o.oso T!'kO Ill 7.07 0.02i 0.02' -0.2111 -0.001 I.S6 0.421 0.217 0.04 7 
ALB I 3 I 4 .• s 0.013 -0.011 0.017 -O.OOJ 2.51 0.310 0.274 0 .07~ 
liLOII Ill 2.J2 ll .Oib 0.02S' -0.143 0.0006 2.11 0.314 0.286 O.Oi l 
LBUN IJI I.IJ 0.010 0.007' -0.106' 0 .0009 4.1 J 0.107 0.341 0.116' 
CRE IJl U7 0.021 0.001' -0.212' 0.001 4.71 0. 14 0.361 0.1)0' u:oc I 3 I ~9 . 22 ii.H9 U<' -26.06' -0.225' 20.11 10.00 0.625 0.391' 
LBLS Ill 1.97 -0.006 0.001 -0.02) 0.001 2.70 0.051 0.211 0.079 

t .Dif'OSE 
l · P<:B 

CHOLEST 1~6 169.4S 4.92 2 .02 ~ -16.47 1.42' S.JI 47 .11 O.JS I 0.123' 
LGGTi' IS6 I II 0.076 0.01)' -0.346' -0.001 1.04 0.14( 0.491 0.11S' 

ADIPOSE 
H·PC'B 

CHOLEST I 3 I 172.72 6.04 1.97 -16.14 IJI' Ul 4& .7¥ 0.361 0.111' 
LGGTI' I )I I IS 0.013 O.OIJ' -0.304' 0.00 1 DO 0 . 14~ 0.379 0.144' e ADIPOSE . L>DF. 

CtiOLEST I ~6 171.23 -10.26' 2.27' -16.22 Ul' U2 46.90 0 . )6~ 0.1}4 
LGUTi' IS6 UJ -0(11,9 O.OIS' -0.)40' -0.0004 749 0.246 0.407 0.166' 
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TABL ·s BODY BURDEN VA LUES • laole 13.15 S1me as Table JJ.I3 except calculated va lues for PCB and 
p, p'·DDE body burd~n hut been ;.;sed. Lo& GGTP Is associated with 
L PCB when percent body frti Is remeved as an Independent variable. 

N r;oEFFICII::NTS STATISTICS OF Fn 

INTI:R('lrT lllJI{OEN '!l.fAT SEX SERVICE F-RATIO so R R1 TPCB 

CIIOU~TF.ROL Dl 201 .14 10.97 -1 .65 1.13" S.l9 49.01 0.3)6 0.113' 
t.Gtj ~l' IJI I.) I ll. IOJ' -OJIJ O.OOJ 6 . 5~ O.HO f) .J66 O.IW 
'.!AIOT 1)0 !.49 0.011 - 0.0..3 -0.0001 0.7JO O.ll9 0.131 0.017 
L.SGP'T 130 1.~3 0.047 - 0.091' -0.0005 5 0.157 0.240 0.057 
LDH Ill 1S6.SJ H7 ll.Ot 0.0)4 )0 J2 .H 0.173 0 030 
L~LKPHO Ill 1.49 0.(119 - 0.012 -0.001 .711 0.11l 0.129 0.011 
LTBIL 131 - 0.003 0.012 - 0.133' -o.oo•· 6.19 0.156 0.351 o.m• 
LDBIL I 31 -0.721 0.00. -0.100 -0.005 1.24 0.239 0.224 o.oso 
TPP.O Ill 7.44 0 .~ -0.~ -0.0011 0.122 0.427 0.131 0.019 
ALB Dl 4.72 0.014 - 0.159 - 0.005 1.61 0.317 0.191 ron 
GLOB Ill 2.74 (1 .097 -0.057 0.003 1.1~ 0.394 0.163 0.027 
LBU"' I )I 1.26 O.Dll -0.051' 0.002 J.Ol 0.109 0.251 0.067 
CRE 131 1.44 0.051 -0.148' 0.002 5J6 0.115 o.m ~ . Ill' 
lJRIC 131 19.1' 4.24' -16.16 -0.097 14 .75 10.99 O.SOI 0.2SI' 

BURDEN 
l -PCB 

(IIOLEST 156 210.06 11.12 -0.379 65' U4 47.56 0.321 O.IOl' 
LGGTP 156 L' ~ 0.11 ' -0.241 9.07 0.247 0.390 0.152' 

BURCEN 
II-PCB 

CliO LEST I JJ 223 17 14.68 -0.907 I.W 5.41 49.04 O.lll 0.114' 
LGGTP I 3 I 1.19 0.08 ·· 0.119' 0.002 U3 O.lS2 0.340 0.116' 

BUROEN 
ODE 

' ClfOLESl' 156 205.59 -1 .23 2.19 us· 5.17 47 .. 14 0.304 0.093' 
LGGTP 156 1.49 0.04 -ll.l20' 0.001 U6 0.252 0.341 0.116' 
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IU.!.c. u u ion 

In c l assic Yusho (PCB+PCOF+PCQ) poisonin~ the predominant biocbemi-

cal findin& has been an elevation in ser1~ tri&lyceride level. This ha' 

been interpreted In the Jap•ne ~ e li t erature to be a con ~equence of 1 

•o•ered tri&ly~ o. ride ~e~oval ~ hrough diminished lipoprotein lipoae 

•~tiv ; ty at the t issue le vel. Normal levels of cholesterol •ere found. 

Altho~ah ~atholoaical evidence for the induction of mixed function oxi-

daJc was dcte~ined in one aubject, no abnor~alitiea of •~rum GOT, GPT 

or BSP r~tention were found. Alkaline- ph ~ s phatose ~ ~d a
2

- &lobulin 

levels were sli&htly elevated, serum albumin and total bilirubin 

decreased. The principal evidence fo1· i. duction of mixed function oxi 

dase activity was indirect and consisted of hormone dearadetion and 

( 19) endocrine disordera. 

In Aroclor 1242 exposure associ t. <ea ,..! ,·h capacitor manufacture, Ou"· 

et al. (lO) found some individual abnorma l resulta (elevated total pro-

tein, decreased a 1 - &lobul i_u, elevated GPT) but tbe population meana 

were within the normai rang~ . In the Fischb~in et al. atudy( 21 ) of 32 

workers exposed aequentillly to Aroclor 12H, 12t42 and 1016 'there was 

also a paucity o! abnormal results . Cboluterol Vllues were elevated in 

17.8 percent ()3CO msms/100 ml) bnt onlr 5.4 percent of the population 

showed tri&lycr.ridc values >250 •&ma/100 ml. BUN and . reatinine levela 

19 PCB Poiaonin& and Pollution, E.l. Hiaochi, Academic Preas, New York 1976. 

20 Cuw, l.H., Sisp .son, G.P .• , and D.S. Siyali. The Use and Health Effects of 
Aroclor 1242, A PoJythlorinated Biphenyl in an Electrical Indust~·· Arch. 
Env. Health 11: 189-194, 1976. 

21 Filc:hbeh, A., Wolf!, N.S., Lilh, R., Tho:nton, 1., and 1.1. SelikoH. 
Clinical Fi1dinsa A.ona PCB-Exposed Capaci t or Nanufacturini Workers. ~u. 
N.Y. Acad. Sci. !LQ : 703-715, 197~. 
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were increased in 5.~ and 4.0 perceut £espectlvely, but only six sub-

jects showed elevatel levels of SGOT, SGPT and LDH and none were 

elevated in the caae of alkal\n~ phosphatase and bilirubin. 

( 22) . 
Maroni et al. stuaied 80 capacit~r workers exposed to 

Piralone '' 010 and J.pirol io, both conhinina 42., chb:t-.!.ne, and found more 

or Jess pronounced hepatic involvement with hepatomi~aly in ;ome and 

increases 1n serum GGT, AST (aspartate aminotransfer~se), ALT (alanine 

amilnotr~oaf'erase) and OCT (orthitld n- carba111ayl trantferase). None of 

the workers bad a history of ''excessive'~ intake of alcohol or druas. 

There was a statistically t i · ficant association between the pr~vclen~e 

of 1 iver in-.olvr · ~nt and blood PCB level which was more ',.oronounced for 

Recently two papers hsve appeared in which the relati n of xenobi-

otics to the bioche~ical variables in blood were studied by multiple 

linea~ rearession techniques. (23)(24) 
Krei!J et al. studied a aroup of 

500 subjects exposed lo DDT (mostly) and PC8s (as~ayed ~s Aroclor 1260), 

preswnably fro111 a colftlfton dietary source. Serwn OUT and PCB levels were 

stron&lY correlated (R • 0.83) s. '.d both were a !unction of aae. Se!'um 

cholesterol, but not trialycer i A~ level was a s~ani!icant in~ependent 

predictor of serum PCD level, but no ~~lation was found with HDLC. Loa 

y-aluta~nyl transpeptidase was ~ositively correlated with loa serum PCB 

22 Man.~i, M., Cohunbi, A., Arbosti, G. et al. Occupational exposure to 
r~. lychlorinatcd biphnyla in electrical workers. II. Bcaltb efhcta. 
9rit. J. hd. Med. U.: 55-60, 1981. 

23 Ireiss, [,, Zack, M.M., li~nbrouah, R.D. ~tal., Cross-aecti onal Study of A 
Communit) with Exceptional Exposure to DDT., JANA 1!1: 1926-1930, 1981. 

24 !reiss, I., Zack, M.M., li~nbrouah, R.D. et al., Assoc~ation of Blood Pres
sure and Polychlorinated Biphenyl Levels, JAMA 1!1: 2505-1509, 1981. 
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independent of alcohol cons~pti.on and aae, but other liver function 

tests (total bilirubin, serum }luta~ic pyruvic tren aeminase) were not 

correlated. Loa ura.m PCBs were a. neaative fllllction of the body mass 

iudes. 

1~& serum DOT was positively correlated wi t h lo& serum trialy-

cerides, with serum cholesterol and with loa GGT, but no correl•tion was 

f~~nd with obesity independ~nt of trialycerides, cholesterol and aae. 

The analysis wu compl icat~d by the coll incarity of DDT e,nd PCBs and of 

trialycerides and cholesterol. The retention of DDT with aae was not 

auocia•ed with urinary finclin ,gs, St.Ill.lll creatinine or history of kidney 

disease. The DDT isomers, o,p' - t.nd p , p' -DOE, made ·UP 86.7 ~ercent 

of the total ~DT level. 

. ( 25) • Io a study by Sm1th et al. three groups of workers occ npat1on-

ally exposed t~ PCBs were analy~ed w1th r espect to job expos ur e and 

health effects. The population in~luded 231 capacitor worke ~ ~ exposed 

to Aroclor 1242 and 1016 (but not Aroclor 1254) and 93 transformer 

~aintenance and repair employees expo~ed to Aroclor 1254. PCBs were 

quantitatec as lower and hiaher bomo i c1s uLing Aroclor ll42 and 

12 s 4 • S tarrlard peaks wi. th equJ. ,raJ.ent rt:'tenti:m ·~ .imes were quantitated 

only once by us i na peaks before DOE as l ~wer bomoloas and those after as 

hiahe ~ homoloas. In ~ultiple linear rearession studi e s . he coefficients 

for the li3her and lower homoloas were re~arhbly li.milar su&aestin~ 

similar absorption i nd metabolism kinetics. A sta~istical test of the 

equality of the rearession coefficients showed them to be 

25 Smith, A.B., S'hloe~er, J., Lowry, L.l., et al • M!! tabolic ant\ Hea l th 
Cons e quences of Occupational Expoaure to Polychlorinated Biphenyls (PCBs) , 
NIOSH report, April 1981, (to be published). 
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indistinauiahable for •ae, aez and duration of ~zpoaure, but different 

for joo classification. This led to tho findina that the serum B-PCB 

was a f~~ction af present job cateaory and not a Reaaure of cuaulative 

e:rposure. 

This r:.ndina h at variance with t;:e preunt study where there was 

substaatial ezposurc to Aroclor 1254 and to the findinas of Maroni 

et al. where the hiaher homolots were found in areater c:-.oncentratiun 

tLan the lower ho•oloas and wer~ correlated with the ~ur,tio~ of ezpo-

sure. 

~mitb et d. found siarlificant partial correlations •. in the pres·· 

ence o~ confoandina variables, between loa (SGOT), loa GGTP, cholesterol 

and loi (tri&lyceride~ an~ either serum loa (L-PCD) or loa (B-PCB) lev

els at at least on~ ttite, bnt the trend was not homoaeneous for 

cholesterol across Bll thre~ sites. Lo& UDL-cholesterol was nt&atively 

correlated w i tb lor. \ 8-- PCB) • 

The positive relation of serum lipids and aP.ru. PCBi wh ~ ~ h we 

report, and which ha' been found by ethers, appears to b~ adeq~ately 

e~plain~d by the fact that PCBs tend to distribute ~qually amona all 

oonstructural lipid canpartments in the body, am hence PCB levels in 

the serum must, of necessity, follow those of the serum lipids. The 

aeDeral ity of the pbenomnon il fur-ther demonstrated by t1a equiv~hnt 

auoC'iation between p, p' - DEE Gnd serum lipid" in thh povulatior." 

Serwn 1 ipoproteina were not detendned ao that the rr.lative hapo ~ tall ·~ t! 

of the va=ioua individual seraa lipid compartments involved h 1lll·~er

tain. S.ith at al. reported a neaat!ve association of Jtr'Wl! PCBs ar.J 

11 
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BOL-cholesterol (not confiraed by lreisa et al.). However, in our study 

~ the cholesterol to trialyceride ratio declined as their sua increased 

(Fiaure 13.21 auaaestina • de~linini HDL-cholestero) level with an 

increaslna pre-Beta and Beta~ lipoprotein fraction as the total lipids 

Increased. 

Thi1 analysis indicates the i~oxtance of percent bod~ fftt aa a 

rearessor variable. In the Kreiss et al. study they observed a neaat ~ ve 

correlation of ~ ~esity (as measured by the body mass index) with serum 

PCB level in ·their subject t with ulathely low serum PCB levels. In 

our hi&hly exposed subjects the relation was positive: that is, the 

Jaraer tbe lipid reservoir, the hiaher the body burden. The effects o. 

chances in body weiabt on serum PCD levels are well ~ocumcnteo. F ' low-

(H H ~ ! : ,. ine -ei&ht los~. hiahcr serum PCB levels ere observed. ' ' · ~ 

have had an opportunity to observe one case of bypertrialyceride ~ ., ir 

which a oonfat vegetable diet re1uced the level fran 67 5 to 

218 mams/100 ml Yhicb was associated with a reduction of serum Aro-

clor 1242 levels from 119~ to 774 ppb in :rp~· ozh,ahly one month. 

The association of hypertrialyceride~ i a and ob~ sity bas been stud-

( 2 7) . 
ied by Albrink and Mei1s 1n an i~dustrial population in which as 

~any as 40 percent of the males were observed tc have elevated serum 

trialycerides. They differentiated ''acquired'' adult obesity from 

"natural" lifelonq obesitv by skinfold thicK:nes~ measurenents arrl 

26 De ue- 1 ber' , R. J. 
cacbetic patient•. 

anci D.O. Sherr, PCf's 
Bull . Environ. Contam: 

aucl p,p'-DDE iD the blood of 
Topical. l!: 202-20S, 1974. 

27 Albrint, M.J. and J.W. NciJs, Interrelationship Between Sk.infold Thick
ness, Serum Lt~ids an, Blood Su&ar in Nonaal Men, Am. J. Cl in. Nutrition, 
ll: 2 S5 • 1 96 4 
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found that the trialyceride elev•tions were aasociat~d with acquired 

~ trunkal rather than the innate extremity obesity. 

Martin, et al.<lB) have described a si&~ificant positive associa-

tion ~etween serua GGTP and aerna tri&lyceri~t con~ent.r•tion, particu-

larly with the pre-p lipoprotiea f~action in 109 consecutive ~~tienta. 

They suaaested that the association w~s due to microsomr.l enzyme indue-

tion by carbohydrate exr.ess, in particularly phosphatidic acid phospha-

tase which converts a,p-dialy~eride phosphate to a,~-dialyceride in tri-

alyceride synthesis. These findinas su&sest that the correlations 

between the serum levels of PCBs and GGTP seen in our ropulation could 

arise !rom the association of both of these parwmeters with manifest•-

tiona of dietary excess. 

There is now abundant evidence that many of the individual PCB iso-

mers in the aroup analytically described as ''Aroclor 1242'' or as 

''Lower PCB:> (L-PGB) '' a~e capable of inducin& the P450 type of mixed 

function oxidases in laboratory 1nimals. A few individual isomers in 

the aroups reported by analysts 1s ''Aroclor 1254,'' ''Aroclor 1260,'' 

or ''hiaher PCBs (8-PCB) '' are clearly cap•ble of inducin& the P448 type 

oxid .. ~es in rodents if present 1t sufficiently hiah Ieveli. The · direct 

measurement of either type of mixed function oxidase induction currently 

requires use of liver tissue samples; as a consequence the~ can b ~ 

evalu1ted in human patients only thr~uah iadirect aeasure&. Such aea-· 

sures, e.a., aanifeatations of chloracnoaenic r.uponu as indicators of 

P448 activity, currently provide no evidence that B-PCBs alone, at the 

28 Martin, P.1., Martin, 1.V. ud D.M. Goldbera, y~alutaayl Transpeptidase, 
Trialycerides and Enzy.e Induction, Brit. 1. Med l: 17-18, 1975. 
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serum levels seen to date, have even led to P448 induction in huaans. 

However, preliminary ev~d~nce for P450 inductions in PCB-exposed capac!-

tor workers, as i.rrlic:ate1 ~· reduce1 antipyrine clearan::::e times, has been 

d .. Al 1 ( 2 9) reporte oy vares et a • 

As previously noted, the Japanese investiaatora of the Yusho 

(PCT+PCDF+POQ) poisoninc episode noted alterations i~ steroid aetabolism 

which they ascribed to mixed function oxidase activation. In addition, 

Hirayama et al. ( 30) have report~d ~ypobilirubinemia in follow-v~ studies 

in Yusho patients and ascribed the findinc to mixed function oxidase 

induction and au&mented bilirubin elimination. Both serum trialy-

cerides and sernm PCBs (8-PCBs) were sicnificant inverse functions of 

serum bilirubin concentration. Neither flndinc was observed in our 

population of PCB-exposed capacitor ~orkers, but we did note a non-

sianificant inverse correlation between Joe serum Aroclor 1242 and 1260 

and loc direct bilirubin. Jt probably should also be noted that at the 

time of Hirayama's measurement, the PCB levels in the Yusbo population 

bad fa1.1en to levels below that of the US backaround: hence their possi-

ble clinical sianificance is uncertain. 

In summary it would appear that the simple correlations of serum 

PCB levels with those of serum lipids, serum enzymes such as GGTP, and 

ser~ bilirubin do not provide an adequate basis for inferrin& that PCBs 

can effect alterations in human liver fnnctions. For oor own 

29 Al~s, A.P., Fischbein, A., Anderson, (.£. and A. lappas, Alt.erations in 
Drua Me tabol ha in Workers Exposed to Polychlorinated Biphenyl&, Clin. 
Pbarmacol. Thcrap. 1!: 140-146, 1977. 

• 

30 Hirayama, C., Okumura, N, Naaai, J. andY. Masuda, Bypobilirubine•ia in A. 
Patients with Polychlorinated Biphcn:vl Poisonina, Cl inin Chcm. Acta ll: W 
97-100, 1974. 
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population, it is clearly apparent that the:e is no correl•tion between 

serum lipid It,·elt and thou of adipose tissue PC8, which sho~ld provide 

the most direct measure of the pharm~coloaical activity of the PCB in 

the body. Instead, we have a correlation of serum PCB le·teli w.ith those 

of serum 1 iquids, which arise~ because of the way in which PCBs an dh-

tributed in the body and presumptivity also correlations with other 

parameters that are themselves also correlated with the levels of serum 

1 ipids. 

At present, we reaardcaloric excess and consequent obesity as the 

primary sources of the variations in lipid metabolic patterns that have 

led to the ~erious association between PCB levels and liver function 

indications in the past. 

According to current interpretations, caloric excess gives rise to 

sporadic hyperalycemia stimulatin& production of insulin, the most 

potent hormone ~elatinc to lipoprotein lipase activity. 
Insulin-

enhanced lipase activity acctlerates lipid uptake and deposition in the 

fat depots and induces lipolysis. Weiaht increases durin& this 

''dynamic'' phase of obesityOl) accompanied by a relatively normal 

serum triglyceride level. With est~blished stable adult obesity basal 

h ' su1' ' <32) ' yper~ ~~sm develops assoc1ated with peripheral 
'' insu1 in 

resistance'' which reduces lipase activity and the serum trialycerides 

rises. 

31 S ! ~~:-;:--E.A .. , Borton, E.S. and L.B. Salans, Inducible Netaboli~: Abnonaali
tie~ Durin& the Develnpment of Obesity, ll: 235-280, 1971. 

32 Rabinowitz, D., Some Endocrine and Metabolic Aspects of Obesity, Ann. Rev, 
Med ll: 241-258, 1970. 
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As for an explanation •s to why our atudy population should be 

exhi~itina ao elevated prevalence of obesity-related effects. occurrioa 

po.imarily in males. we can offer oo better answer at the ~o~ent than the 

con•; entional vaaae acueralities relatin& tothe life style of modern 

man - lack of exercise. t much food. and the frustrations and psychic 

stress of industrial life. However. studies of this population and its 

biochemical characteriatics are cootinuina. 

16 
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H. Pul~onary Findin&a 

Pul~onary function has not been widely studied in association with 

PCB exposure. Yusho patients reported cough and sputum production na-

~cstive of chronic bronchitis, and although PCB's were found in sputum, 

pulmonary function was within normal limits (19). Intravenous inj~ction 

of xadiolabcled PCB in mice shows selective concentration and retention 

in the lung (20). Certa.in of the isomers appeared to be retained in the 

bronchial mucosa because of structural specificity (21). Methylsulfonyl 

metabolites of some of the bronchial-seeking PCBs also accumulate, (22) 

suggesting PCB metabolism. in the lung in mice, but these observations 

have not been replicated in man. In addition, pulmonary tissue activity 

metabolizes lipid, (23) to which PCBS are preferentially bound. For 

these reasons the occyrrence of respiratory disease and dysfunction in 

~CB-exposed workers are of interest. 

19. Shigematsu, N., lshimaru, S., Saito, R., et al., Re sp iratory involvement 
in polychlorinated biphenyl poisoning, Envir. Res, !f: 92-100, 1978. 

20. Berlin, ~I., Gaae. J., and S. Holm. The distribution and me oolism of 
2,4,5,2',5'-pentachlorobiphenyl. Arch. Environ. Health 30: 141-147, 1975. 

21. Brandt , I. Tissue 
structure related 
(Suppl 11), 1977. 

localization of pol7cblorinated biphenyls: chemical 
to pattern of distribution. Acta Pharmacal Toxicol: 40 

22. Beraman, A., Brandt, I., and B. Januon. Accumulation of JP.etbylsulfonyl 
derivatives of some bronchial-seekina polychlorinated biphenyh in the 
respiratory tract of mice. Jn: Transformations of some oraanochlorine com
pounds io the enviro~~ment studied by aas chromatoaraphy and 111111 spec
trometry. Thesis. B. Jannsson, Nat. Swedish EnviTom~~ental Protection 
Board Publication SNV PM 1037, 1978. 

Heinemann, H.O. and A.P. Fishman, Physiol. Rev. 49 = 1- , 1969. 
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Warshaw et ~1. (24) performed spirometric studies of a croup of 

volunteer capaciLor workers, some of whom bad high occupational ~%posure 

to PCB s and reported a substantial prevalence of reduced vital capBc-

ity (FVC < 80 percent~( pr~1icted value). The prevalence (14 percent) 

was equivalent to that reported fo~ asbestos worlert. Of those showin& 

FVC rr.ductions, 80 percent showed a restrictive pattern without radio-

logical changes. PCBS wer~ not reported as tn acute direct pulmonary 

·irritant, althouah 8-hour t i ~e wei&hted average air levels in the PCB-

3 
expo~ed workplace varied froL 0.6-11.0 mgms/~ (25). 

lu this section we summar1.e ou£ ~piro~etric studi~s on direct 

occupational exposure to PCBs in 1976 (Study Gro~p 1). As already 

inc.Hcated, this grollp was drawn fn~ tl1e same plant population as that 

on the Warshaw et al. study but had had average PCB exposures, ~~ judeed 

by serum PCB levels, about eight time5 higher. 

Methods 

As noted in Section 6 above, the initial 1976 examinatio~ consisted 

of • medical history, physical examination, chest x-ray, ECG, an S~A-26 

blood analysis, •~d spirometry. Body weiaht was obt~ined in li&ht 

in1!oor clothint and height determined without shoes. ID 1979 the sub-

jects were recall ed for reexam i nation. Chest x-ray, ECG and physical 

examination were repeated only in selected subjects, but special atten-

24 . Warshaw, 't., Fischbein, .\., Thornton, J., Miller, } •• • and !.J. Selikoff. 
Decrease in vital capacity in PCB-c xposed wo~~ers t ~ ~ cap ~ c~tor manufac
turina facility. Ann. N.Y. Aced. Sci. 320: 277-23~, 197~. 

25. Fisch be in, A., Wolff, M.S., Lil is, R., Thornton, J., and l.J. Selikoff. 
Clinical Findinas Amona PCB-Exposed Capacitor Manu!scturina Workers. Ann. 
N.Y. Aced. Sci. !!Q: 703-715, 1979. 
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tion was aiven to the lmokin& history. 

In the interim between 1976 and 1979 :t - ~ t one examination was 

performed on each individual in rotation, so L~at by 1979 most subject£ 

had had at least two previous tr f oli in the performance of spirometry 

and were relatively comfortable with the procedure. 

Pulmonary function was evaluated in 1976 usin& a Va~guard~ 

spirometer wit an analoJt output. ~leasurements were made in the stand-

ing position with a disposable filter sensor. The nose was closed with 

the fingers. Computation for FVC, FEV, and FEV
1

/FVC were per.formed 

manually by measurem~ nts from tracings and a slide rule. 

In 1~79 measurements were made in a similar manner with a Vanguard• 

OS 502 spirometer with a preprogra~ed computer print-out which utilited 

~ the Morris (26) standards . Jn interpreting the data we have followed 

Knudson et al (27), recalculating the data using their standa rds and 

broad <: , i ng th• normal r~ng~ for FE\'/FVC to >iO percent a :~ recommended 

by ATS (28). The calibration source was a VS 300 3-liter volume cali-

brating syringe. 

In both 1976 and 1979 the maximum expiratory flow curve wa1 

recorded an~ examined for adequacy and reproducibility of each subject's 

• Life Support Engineering Corp., Woburn, MA 

26. Norris, J.F., (oski. A., and L.C. Johnson. Svirometric standards for 
healthy non-smoking adults. Am. Rev. Resp. Dis. !Ql: 57-67, 1971. 

2. Knudson, R.J., Slatin, R.C., Lebowitz., M.D., and B. Burrows. The maxhcum 
expiratory flow volume curve: Normal standards, variability, and effects 
of aae. Am. Rev. Resp. Dis. 1!1: 587-600, 1976. 

28. ATS Statement - Snowbird Workshop on standardiz.ation of 5pirometry. Am. 
Rev. Respir. Dis. 119: 832-838, 1979. 
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effort. At Jca,t three trials were performed by eaeh tobjec:t and !:epro

ducibility ~ccep~~d at the 10 perce~t level. T~acir.as were ezamined for 

fnedom from test artifacts (29) and· the hiabeat test ·ror FVC and FEV
1 

used. 

In 11 i~dividuals for whom spirometry was not obtained in 1979, the 

1976 tracinas wen reexD111inE':.: and found ac:ceptable, the m~noal cd cula

tiou was repeated and these data were included in the study. In 7 indi

viduals an acceptable test was never obtained due to dental probleml, 

thoracic c:age atthritis and other readily apparent causes. 

Usable r~spiratory data was obtained therefore on 187 indlvidoalG 

(1•6 males and 41 females) o 

The parame~ers FVC, FEV1 and FEV1/FVC were found to be normally 

distributed. Examinati~~ of the rlictributions of the spirometric vari

ables s ~, owed four individuls (3 males, 1 female) as ou t liers with 

markedly reduced resp;ratory function due to established chronic 

obstructive luna disease. These Jubj~cts were omitted in deriving the 

rearession eQuations but not in the evaluation of the prevalence of pul

JrjOnu:·y disease. 

Subjects were codr~ for comruter analysis as nonsmokers fl), ex

smokers (2) and smokers (3). Pipe and cigar smolten ~ ' ere coded as non

smokers. Smokina was re.corded as nWDber of packs per y~•r, nWIIber of 

years smohd a~d tbe product or totd packs smoked. Rearession analysis 

showed that the coefficient for total packs to be vanishin&lY small 

(10-4), and this variable was removed from the analysis. 

29. Lewis, B.M., Pitfalls of ~pirometry, J. )ecup. Med. 23: 35-38, 1981. 
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Findinas on medical history or reported symptomatology thoog~t to 

e be r ,~J evant t~ the spir0111etric variables were coded 0 for absent and 1 

for present . Chest x-ray findinss were coded 0 for normal and 1 for 

11bnormal. Respiratory and caxdiovascular findings were not dis-

tinguirbed. 

Yn the ~nalysis aae and service time were found to be colinelr in 

the population (r • 0.73) and we have used aae as the independent vari-

able. 

Results 

Table 14.1 gives the ~can values and stanjard deviations for the 

variables in this study. r.lisling data are shown by the N-value. The 

fecales were somewhat older and had lower ho~olog sert~ values that were 

e somewhat higher, but their mean service time was comparable to the 

males . The elevated serum PCB levels in fe~ales relate to their employ-

ment as capacitor sealers and in salvege and repair, jobs with rela-

tively hi&h dermal exposure levds. 

Smokers and ex-smokers constituted 73 and 59 percent of the male 

and fe~ale populatio~ res~ectively. Males on the average smoked more 

packs per dey (1.38) than fe~ales (1.15), but females bad smoked for a 

lonaer time so that total ~onsumption ~as co~parab le. When nonsmokers 

are included the males as a group were the heaviest smokers and averaaed 

1 pack per day for 14 years. 

Nearly SO percent of the population had some relevant medical his-

tory or symptomatology but only 7.5 percent of females and 9.0 percent 
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Tabl~ 14.1. Mean valu~s and standard deviations for pulmonary function and associated 
nrlabl~s In PCB-upos:d capacitor wor!(~rs (Group 1). Males and females tabl.llated 
s~parattly. Smoldn& code: non-smokers (J); ex-smokers (2); and smokers (3). 
Rdennt hlstor.r and x-ray findings codr.d 0 .. absent, 1 • pres~nt. FEV 1/FVC as per-
ceol of pr~lc:ttd calc:ulated from population mean a&e and hei&ht; others calculated lncU-
vldually. Geometric: means for PCB level as ppb In brackets. 

Males Females x S.D x S.D N 

Age ~years) 43 .04 11 .08 146 50.39 10.89 41 
Service ()·ears) 13 .76 9.13 146 13.98 8.41 41 
Height (ems) :75 .49 7.16 146 159.90 5.33 41 
Weight (kg.s) 80.49 12 .46 132 62.08 10.98 38 

Smokin& (Total Po~ulation) 

Smoking Code 2.15 0.879 146 2.02 0.935 41 
No . Packs/Year 369.13 287'.7 146 246.15 249.07 41 
No. Years Smoked 13.97 12.12 146 13.39 14.15 41 
Total racks 7336.25 7990.31 146 5922.35 702ft .83 41 

Smokers and Ex-Smokers 

No. Packs/Year 503 .67 2\ 1.7"i 107 420.51 177.14 24 
No . Years Smoked 18 .72 10.38 109 22.88 11.03 24 
Total Packs 10, I 04 .65 7741 .25 106 10,117.34 6454.27 24 

Relevant Med. History 0.472 0.506 146 0.493 0.512 41 

' Chest X-Ray 0.0897 0.287 145 0.0/50 0.267 40 
FYC 4.96 0.930 146 3.14 0.874 41 
FVC (% of P~edic ted ) 105.29 14 .27 146 100.76 20.83 41 
FEY 1 3.80 0.841 146 2.33 0.683 41 
FEY 1 (% of Predicted) 100.95 17.55 146 91.24 19.10 41 
FEY 1/FYC x I 00 76.62 9.16 146 73.93 9.61 41 
FEV 1/FVC (Predicted) 82 .35 89.63 

Log PCB <Jower homologs) 2.41 0.483 132 (25 7) 2.59 0.375 37 (389) 
Log PCB (higher homologs) 1.57 0.451 112 ( 3 7) 1.45 0.417 28 ( 28) 
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of males had positive x-ray fi~din&s. 

For the population as a -whole FVC and FEV
1 

average values were com-

parable to the Inudson standards. FEV
1

/FVC values are low with respect 

to the Knudson standard calculated using the average age and height of 

tbe male and fem~le sroups. 

In Tftble 1~.4 t~e prevalence of clinical conditions and symptoma-

tuioty relevant to spirometry are tabulated. Seventy-nine individuals 
. 

(42 perceD t ) had one or more complaints or medical history related to 

the respiratory tract or the cardiovasc :-1lar system. The predominant 

finding was a hi&h prevalence of chronic upper and lower resp i ratory 

tract infection. Leukoplakia and vocel cord polyps were found in heavy 

smokers. On x-ray examination (Table 14.3) pulmonary scerring, calcifi-

cation, aranulomas, and other evidence of old pulmonary infection wRs 

found in 12 subjects and emphysema Sl' '; .e!.led in siJ in whom blebs wer.e 

identified in 3 cases. A coin lesio~ was found during the course of 

this study which proved to be ~alignant. 

The prevalence of abnormal spirometric findings are shown in 

Table 14 .~. Abnormal findings occ ,ared primarily in smokers and ex-

smokers and we~e more than twice as high in females who smoked for a 

longer period. Ten subj':!Cts (5.3 percent) shc:Med a reduced vital capac-

ity compared to the 1~ percent reported by Warshaw et al. (24) for the 

less he~vily e£pose d group. The one pre~ominant finding was en abnor-

mally low v~lue tor FEV1 /FVC (.i,70 percent) which occurred primarily in 

smoL n. lJsh .; the criteria of i75 percent for FEV
1

/FVC 38.5 percent 

v.·e r e 1 ow inc 1 ud in& s i::l teen ronSTOkers. 
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Table 14.2. Respiratory anfl cardiovascular cond itions in the medical history of PCB
uposrd capacitor workers (Group I). Note occurrence of leukoplakia and ~aryn1~al 
polyps. 

Lpper Respiratory Tract 

Allergy 
Hay Fever 6 
Asthma 2 
Other 9 

Sinusitis 
Chronic Tonsillitis 
Fr~{luent URI 
Leukoplakia and polyps. 

larynx, throat 
Sepl.oplasty 
Fracture, nose 

lower Respiratory_ Trlic ~ 

Chronic Bronc:, i!is 
Emphysema 
Pneumonia (ep;sodes) 
luni. lnf..-,ctions (unspeci~ied) 
Pleurisy 
Healed tuberculosis 
Pulmonary fibrosis 
Carcinoma of lung 
Thor11cic arthritis 
Fraciure, ribs 

Contused lung 2 
Sl •. ?, cough. sputum 

Cardi'lvascultn. ·:,ys tems 

Hypertension 
Coronary insufficiency 
At1: I tachyc.ardia 
Rht: umatic f::ver 
Carotid t:ndarter'!ctomy 

62 

17 

24 
2 
6 
4 

7 
2 

47 

12 
7 

II 
3 
2 
1 
1 
2 
1 
~ 

1 

JO 

18 
7 
I 
3 
I 

139 
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• ' · 

000221 



• 
T~~~~ i4.3. Cr.~sl x-ray findin&s durin& medical examination of PCB-uposed caparltor 

workers. The cc.!n lesion discovered at this extminatlon proved malicnant . 

Emphysema 
Blebs 3 

Chronic pul. infection 

6 

and tiny calcification 5 
Adhesions. costophrenic 

angle 3 
Pleural thickening 2 
Calcified granuloma 2 
Pul. scar 2 
Coin lesion I 
Atherosclerosis, Aorta 2 
C~trdiomegaly I 
Scoliosis I 

25 
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Table U.4. Preva,ence of spirometric abnormallti<S In 187 PCB-ex~se4 capacitor workers 
(Group 1). Crlttrla for abnormality of FEV 1/J•"VC alnn as percent of precllcte4 •sln& 
standards of Knudson u al. ( < 70%) compared to the older standard ( < 7~%) •sed by 
Warshaw et al. 

FVC" 
FEVt 
FEV 1 /FV~ 

++ 

• ~ 79.5'11· 
+ < 70.~ 
+ + <. 75 .~ 

Non· 
Smokers 

0/41 
0/41 
0/41 

12/41/29.)'1(.) 

!'.hie 

Current& 
Ea·smokers 

51105(4.8'tl,) 
11/10500.5) 
211105(20.0%) 
36/10.5 04.3'111) 

Female 

Non· Currelltl 4 
All Smokers Ex-smot:en All 

.51146(3.4%) II 15(0.74M.) 4/26(1 :S .4'') 5/4102.~) 
I /146(7.5%) 0!15 I/26(30.14M.) 1/41(19.5%) 
21/ 146 04.44M.) !/15(0.7'11) 11126(42.3~) 12/41(29.3%) 
48/146(32.~) 4/1 5 (26.7'Mt) 20/26(16 .~) ~4/41 (.58 . .51111) 
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Spiro.etrlc patterns were cateaorized accordina to the c~iteria 

sbowu in Table 14.5. Of the teu subjects showiua a reduced forced Yital 

tit ~ apacity (Table 14.4), four w•re the cases of cbrouic obstructive luna 

• 

disease. The balauce averaaed 15 kas (l-28 tas) over the mazimua desir-

able weiaht for their heiaht and fraae. The four subjects sbowiua a 

restrictive pat ~·a were between 8 aud 21 kas ovenreiaht by this staa-

dard. An obstructive patteru was found iu 23 subjects, primarily saok-

era aud ex-smokers. 

Re&ressiou Analysit 

Multipl e l iuear rearession analyses were performed for the total 

population with FVC, FEV
1 

and FEV
1

/FVC as the dependent variables, and 

!ez ms ~n iDdep~ ndent variable. For forward stepwise reare,siou t~e 

criteria for addiua a variable was en F-ratio of 3.0 (F
1 

(3.84)•0.95) • . -
Table 14.6 shows the estimated coefficients, their standard err rrs aud 

the statistics of the fitted equation for tbe stepwise reare, ~ ions. 

They show the e:r.pccted dependence on 'e.z., heiaht and aae !or FVC aud 

FEV
1

. For the population there is a sianificant association with ·the 

duration of smotiua rather than the smotina rate (pacts/year) or total 

pacts. There is also an as~ociation with medical history and syapt~a-

to1ocy snd FEVl" and between positive :r.- ray findiuas and FEV
1

/FVC. 

Omission of the aerua PCB levels increased the nuaber of subjects 

fo r analysis and streaatbcued the obs~ ~vcd relations (Table 14.7). In 

particglar a siaaificant ueaati~e relation between body weiaht aud the 

FVC was found. Separate studies ~bowed this relation he l d for males but 

uot femal e s. The multiple correlation coefficient (R) for FEV
1

/FVC 
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Tabl~ U.S. Spirom~trlc pallerns (restrictln, obstrucliYe, mixed) obsened in 187 PCB
nposed capacitor workers (Group 1). Uslnc the FEV 1/FVC > 70% crlt~ria a restricti..-0) 
patt~ern was seen In only 1.1 percent of workers. . 

Ty.,e Criteria Males Females All 

Restrictive FVC < 19.5; FEV 1 < 19.5 2 2 4 (2.1'tlt) 
FEV 1/FVC > 70 

Obstructive FVC > 19.5; FEV 1/FVC < 70 14 9 23 02.3%) 

Mixed FVC < 79.5; FEV I < 79.5; 2 2 4 (2.1%) 
FEV 1/FVC < 70.0 

l8 13 31 06.6%) 
(9 .6%) 7.0% 
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Tabl~ 1~.6. Multlpl~ sl~pwlse linear r~resslon study of spirometric variables in PCB· 
npos~ upac:llor work~rs (Group 1 ). FVC, FEV 1 and FEV .JFVC wu~ dependent nri
ables. Serum PCB levels (as Aroclor. 12~2 and 1260) were independent variables. 
Outll~rs han bftn omitted: N • 137. No assoclalion was found with serum PCB levels. 

Variable FVC F~V 1 FEV 1/FVC 

Est.C. S.E. F-Ratio Est .C. S.E. F-Ratio Est. C. S.E. 

Ht'ight. ems 0.048 0.008 34.12 0.030 0.007 17.96 
Age, years -0.019 0.007 7.51 -0.023 0.006 17.29 
Sex -0.817 0.192 18.03 -0.778 0.164 22 .52 -J . I 8 1.61 
Years of Smoking -0.029 0.007 15.26 -0.018 0.005 14.68 -0.12 o.oss 
Relevant History -0.249 0.104 S.76 
X -Ray Positive • 7.47 2.40 
Intercept -1.19 1.67 0.657 1.41 83.10 2.24 

Statistics of Fined Equation 

F-Ratio 38 .16 43 .64 7.70 
S.D. 0.671 0.578 7. SS 
R 0.799 0.790 0.435 
Rl 63 .78'Kl 62 .4911(, 18 .93% 

~23 

F-Ratio 

3.92 
4.69 

9.70 
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Tabl~ 14.1. Same as Table U.6 urept serum PCB Ienis eliminated as independent nrl· • abies. Note the sicnlfirant necatlve association of body wei&ht and FVC. N • 165. 

V11riable FVC FEV 1 FEV 1/FVC 

Est. C. S.E. F-Ratio Est. C . S.E. F·Ratio Est. C. S.E. F-Ratio 

Height. ems 0.060 0.008 Sl.44 0.032 0.007 23.70 
Age, years -0.026 0.005 23 .96 -0.026 0.005 32.90 
Sex -0.862 0.172 24.59 -0.787 0.147 28.67 -3.51 1.4-1 5.~6 

Years of Smoking -0.016 0.005 12.33 -0.01 s 0.004 14.31 -0.136 0.050 7.48 
kelevant History -0.225 0.092 5.97 
X-Ray Positive -8 .84 2.33 ]41 .4] 
Body Weight, kgs -0.010 0.005 4.22 
Intercept 2.51 1.52 0 .402 !.31 83.07 1.98 

Sliilistics of Fined Equation 

F-Ratio 66 .3;) 63 .90 ]0.65 
S.D. 0.656 0 .. ~64 7.62 
R 0.822 0.817 0.407 
R2 67 .59% 66.77'%1 16.56% 

• 
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appears low but is the same order of aaanitude aa found by 

Inudson et al. in his noraal population. 

In male nonsmokers for which aerum PCB levels were available 

(N=33) rcaressJon showed a sianificant positive relation between FVC a nd 

the lower PCB homoloas (Aroclor 1242) which represen ~ ed the only atatJs-

tically sianificant relation found among serum PCD levels and the 

spirometric variables (Table 14.8). For !cmales and for subaroups of 

males involvina small numbers of subjects the regression equations were 

of marsinal statistical sianific~nce. For exa~ple, for the males thc ~ e 

were weak associations found between the hematocrit and FVC 

<F1 , 128•S.29) and the PMN leukocyte count and FEV1/FVC (F1 , 128aS.62) 

sugaestive of early hypoxia in the for•er case and an infectious ele~ent 

in the latter. Although the F-ratio! were sianificant, the multiple 

2 correlation coefficients were not (R •4-S percent). 

For the regression equations e~ployina raw data, examination of the 

residuals ~bowed the~ to be normally distributed. R~gression using the 

values as percent of pTedicted values showed residuals that were not notmally 

distributed and yielded equations of uncertain statistical si&nificance. 

Pitcossion 

A substantial series of linear resression equations have been pro-

posed rclatin& FVC , FE~1 and their ratio to heiaht &nd aac in larae 

aroups of as~ptomatic nonsmokers. The coeffici nts of our prediction 

equations (•hen scpa~atcd by sex) •arced most closely with those 
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Tab I~ 1 ... 8. Sam~ as Table 14.6 uc:ept only male non-smok~rs lnc:luded (N • 33). FVC Is 
the depen dent variable. Note that sl.:nific:ant positive assodallon between FVC and 
serum L-PCB. · 

Intercept 
Age (yrs) 
Height (ems) 
L-PCB 

Statistics of Fit 

F-Rucio 
S.D. 

R 
R2 

Coelf 

·2.63 
-0.031 
0.046 
0.272 

S.E . F-Ratio 

1.89 
0.006 27 .8 
0.010 21.4 
0.121 5.1 

19.4 
0.382 
0.817 

66 .7% 
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of Ferris et al. (30), who included smokers and ex-smokers in their 

• population • In oar results the 95 percent conf1dence limits of the 

coefficients were quite Jarae; thus, the use of the Knudson et al. 

standards to normalhe the data for eac:.h sex appeared to be gene1·ally 

effective. The aareement with Knudson et al. !s som~wbat surprisina in 

view of the medical and smoking histories, the limited number of s1!b-

jects and the field nature of the data. 1.s coll!pared to the careful obser-

vatious of Knudson in asymptomatic nonsmokers. 

The regression studies identified the number of years smoked as a 

sisnificant variable rather than smokin& rate (pac\s/ye~t ) or the total 

packs smoked. This is at variance with Macintyre e'. al. (31), who found 

in a longitudinal study of 1,000 male Nevel aviators, thet the duration 

of smok.in& was more important for residual volume measurements whereas 

~ total packs were more important for vital capacity measurements. 

their stu~y the residual volume incr~ases and thr. vital capacity 

In 

• 

decreases seemed to balance each other so that their sum, the total lung 

capacity, was only minimally related to smokina. 

Body weiaht was shown to be a sianificant variable in males for FVC 

in our l>Opu lati~n. Tbit inverse relation was also found by 

~laclntyre et al. Appsrently excess weiaht te~ds to diminish diaphrag-

matic and chest wall excursion. The effect is seen b~th for baseline 

weiaht snd weiaht chan~e accordjn& to Macintyre et al. This factor 

30. Ferris, B.G., 1., AndersCin, D.O. and R.. Zickmantel. Prediction values for 
screenin& telLs of pulmonary function. Am. Rev. Resp. Dis. fl: 252, 1965. 

31. Macintyre, N.R., Mitchell, R.E., Oberman, A. et al. Lona-term follow-up of 
lung volume measurements in initially healthy young aviators. Avi~ Space 
Envir. Ned. 52: 1-S, 1981. 
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appears · ~ account for the prevalence of reduced FVC in our population. 

The prevalence (5.3 percent) was equivalent to that found for styrene 

a ~d PVC-exposed workera (24). 

Obesity nay also accou.nt for the lianific:ant positive relation 

between serum Aroclor 1242 level and FVC found in nonsmokers, wh h 

might suggest a pulmonary benefit fro. PCB exposure. However, there is 

an inverse relation between boty weigh~ and aernm PCB level, which ia 

particularly apparent i~ starvation (32). For a constant PCB body 

burden weight aain or loss results in the redistribution of PCBS in the 

body lipid stores, so that generally hiaher aerwa PCB le.vela are found 

in individuals with the lowered body fat content. Thus, as body weiaht 

increr.ses, both FVC and serum PCB levels should tend to decline 

together, and hence appear to be related. No other formal relation 

between PCB exposure and spirometr·ic variables was found. 

Obs~ructive ~e!ects, as evidenced by reduc~d FEV
1 

and FEV /FVC 
l 

v~l~es, represented a principal findin& in this population. Four indi-

viduals were frank emphysemics. Eighteen percent of sabjects had 

FEV
1

/FVC values <70 percent of predicte~ and 38.5 percent had FEV
1

/FVC 

values less tl.lan 75 percent of predic ·ad. This latter value is 

equivalent to the findings of Lorimer et sl. (33) in styrene workers 

using the 75 percent ~r1~erion. 

32. Hesselberg, R.I. and D.D. Sherr. PCB's and p,p'-D1DE iD the blood of 
cachectic pathnts. Bull. En•dron. tontaa. To:dcol. 11: rtl-205, 1974. 

~3. Lorimer, M.V., Lilia, R., Nicholson, 1.1., et al. Clinical studies of 
styrene worktrs: Initial findinas. Environ. Deal th Penp. ll: 171-181, 
1976. 
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'Itle rrortality rate for enphysema (492, 8th Rev. ICD) has been 

substantially higher in rural upstate New York, where these plants 

are 1oca ted, as compared to rrore urban areas ( 34) • '!his rural-urban 

gradient is not unique to New York State and pulmonary emphysema and 

chronic bronchitis not a universally urban disease as proposed by 

111ano ( 35). For instance, Hanm:>oo ( 36) found that arrong men, both 

with and wi t.l10ut occupational exposure to a variety of agents an 

for each smoking category, indications of emphysema were nore comron 

anong rural than arrong metropolitan residents. It is reported ( 37) 

that mortality rates for chronic respiratory disease up to 1968 

were lowest in the middle Atlantic region (New York, New Jersey, 

Pennsylvania) and highest in the nountain region (Montana, Idaho, 

Wyani.ng, etc.), a finding which doer; not suggest correlation with 

factors such as environmental pollution and urbanization. In 

contrast, lung cancer mortality in upstate New York has been shown 

to re a function of urbanization as measured by population density ( 38). 

34. Rubin, B.B., Mortality from lung cancer, enphyserna and bronchitis 
for counties in New York State, excluding New York City, 196D-1975. 
New York State ~partment of Health Monograph M:>. 16, Albany, NY, 
Oct. 1980. 

35. Mane, N.E., Carq:larative rrortality am::>ng rretropolitan areas of the 
United States: 1949-1951: 102 Causes of Death. Public Health 
Service Pub. , No. 562, 1957. 

36. Hammond, E.C. , · and Selikoff, I.J., The effects of air pollution: 
epidemiological evidence. In: PheUJTOCOniosis. Proc. Int. Conf. 
Jooannesbut13 1969. Ed. H •. ·~ - Shapiro. Oxford University Press, 
1970. p. 368-373. 

37. St~t. Bull. Metrop. Life Ins. Co. July 1973. 
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38. Nasca, P.C., Burnett, w.s., Greenwald, P., et al. Pop..tlatioo density 
as an irrlicator of urban- rural differences in cancer incidence, upstate 
New York, 1968-1972. Am. J. Epidemiol. 11!: 362-375, 1980. 
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The population of thi.s study was drawn fran ·two primarily rural 

counties and one county classified as urban. This mixed derrography is 

complicated by the presence of other established occupa t ional carci.nogens 

in the area. The second largest errployer in the region has been a paint 

pigment manufacturer where chrcrnate exposure and the ensuing nasal septal 

~ F.· ·:.1 t .ton and carcincma of the lung has been occasionalY~ seen in older 

r:..:.!:• ... oy . : ~. Prior work histories of the lung cancer deaths of the Brown 

study are not currently available, but of the three deaths which have 

occurred since 1976 in the present study p:::>pulation, two were due to 

aclenocarcinoma of the lung, both in heavy srrokers, of"' '"ll one was in an 

ind.:.vidual formerly errployed by the pigment manufacture. In view of the 

diversity of occupational exposures experienced by our ~· ... udy group (Table 

230 

• 

14. 9) prior to errployment in capacitor manufacturing, st'ch data should be • 

treated with caution. 

Macklem and J<ilbutn ( 39) have revie'Wed the pc:1thophysiology of chronk 

obstructive lung disease and pulmonary neoplasia, particularly with res~ct 

to environmental factors. Ove. SO environmental agents have been 

identified which are associated with pulmonary fibrosis in which the 

agents are generally pul.Jronary irritants. 'ftlere is no evidence in the 

literature, or in QIJr experience over 33 years of plant operation, that PCBs 

act as an acute pul.Jronary irritant. Cigarette srroking, h~ver, is firmly 

inplicated as a part of the etiological pattern in chronic obstructive lung 

disease ruld respiratory malignancy, as a major pulm:>nary irritant in the fotll"er 

case and as a synergistic agent in the case of malignancy ( 36). 

39. f1acklem, P., and Kilburn, J<.H., Tracheobronchial response to iru:;ult. 
In : Environmental Factors in Respiratory Disease. Ed. D.H.K o ~ 
A de~c Press, New York 1972. p. 31. 
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Table 14.9. Potentl•l uposurt to respiratory a&ents In prior employment from review of 
available ~mployment applicstlons. 

Chromate dust a11d paint 
pigment 

Other che micals and 
pes!icides <farmers, 
gas station attendants, 

12 

laboratory pt onnel, etc.) 22 

lint {shirt, carpet and 
ot. -· factories ) I 0 

Mining, cement, and stone 10 

Asbestos (piptfitters , 
p.l\,mbers, electricians. 
wnstruction) 23 

Heavy metals and fcundry 10 

Military Service - Possible 
multiple exposures 35 

Paper mills 8 
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The present study provides no direct evidence that PCB exposure, as 

measured by serum PCB levels, is correlated with the occurrence of spiro

metric a.bnormali ti~s. '!he prevalence of restrictive patt.erns in PCB 

'oln.-' · · rs previ~l.y reported has not been confirmed. '!he prevalence 

of ,-.hronic respiJ-atocy disease and the occurrence of ca.tcinana of the 

lung in this population appear na;t likely 'co be coupled to heavy snoking, 

t..~e possibility of chranate exposure and dfmographic factors. 
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